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In the field of herpetology, most studies of homing have been 

carried out with anurans and, to a lesser degree, reptiles. Studies 

of orientation and navigation in urodeles have been limited to a few 

brief notes and the extensive investigation of Taricha rivularis by 

Twitty (1959 and 1964). 

The rough - skinned newt, Taricha granulosa, is abundant and 

widespread throughout western Oregon. Their regular breeding mi- 

grations have been noted by herpetologists for years; however, it has 

never been established whether or not the newt is capable of return- 

ing to the same breeding pond annually. This investigation was start- 
ed to determine how strong an identification T. granulosa has with a 

particular breeding pond and what mechanisms might aid it in return- 

ing to that pond. Prior research on sensory mechanisms utilized by 

T, rivularis during its breeding migrations indicated that olfaction 

was of prime importance to that newt. 
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Between June, 1964 and June, 1966, 4, 577 newts were marked 

and released at three ponds 11-31 miles apart. Newts exchanged be- 

tween ponds were blinded, had the olfactory nerves destroyed or 

were marked and released unharmed as controls. A portion of the 

newts were released at distances of 100 yards, á mile and z mile 

from their individual home ponds. Drift fences with funnel traps or 

drop traps were placed near each pond to intercept homing newts. 

Only controls were recaptured returning to the home pond during 

this study. Percentages of returns ranged from O. 7 percent for 

animals displaced 31 miles to 23.8 percent for those released Z mile 

from the home pond. The time required to travel a known distance 

varied from i mile in five days to 31 miles in 485 days. 

A second phase of the study consisted of testing the orientation 

ability of newts placed in an enclosure wherein only solar or celestial 

clues were available to them. During 41 separate daylight trials, 

1, 047 newts were tested. A total of 155 newts were tested during 

five night trials. Scatter diagrams showed that, during daylight 

hours, initial headings in the orientation ring were correlated with 

the general bearing that newts were following when captured at the 

drift fences (Y -axis orientation). Chi - square tests applied to totals 

of animals trapped at 16 points around the ring's circumference indi- 

cated a probability of less than . 02 that newts had made a random 

choice of direction when released during daylight. Distribution 



diagrams and chi - square tests of night runs indicated a random 

distribution in the orientation ring during darkness. A limited 

sample size made the significance of night tests questionable. 

Newts returned from distances of up to 3z miles and were 

able to orient in an enclosure which was far removed from the in- 

fluence of any odors emanating from their home pond. Indications 

are that vision as well as odor may play a significant role in navi- 

gation of this species during its breeding migrations. 
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ORIENTATION AND NAVIGATION IN THE 
ROUGH - SKINNED NEWT, 

TARICHA GRANULOSA 

INTRODUCTION 

Although there is some discussion as to what a definition of 

migration should contain, that given by Kendeigh (1961) is compat- 

ible with others. In simplest terms his definition of migration is 

a temporary, repetitive, and periodic movement back and forth be- 

tween two areas. 

Migration is best known and has been most extensively studied 

in birds, but representatives of other groups of vertebrates, parti- 

cularly mammals, fish, turtles, and amphibians also migrate. Ap- 

parently this ability has evolved independently many times through- 

out the animal kingdom and has become highly developed in some 

groups. 

Aristotle was the first to make a scientific contribution to the 

discussion of migration. Although he noted that some birds migrate, 

he explained the seasonal disappearance of an equal number by hiber- 

nation. This ancient testimony led to a controversy between "hiber- 

nationists" and "migrationists" that went on for 2, 300 years before 

it was resolved. 

Even though flight enables some animals to make their long 

journeys less rigorous, those with lesser powers of locomotion are 

capable of extensive migrations also. The American bison, in 
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former times, and the caribou, at present, have migrations of over 

100 miles. Seals regularly travel from their breeding grounds on the 

Pribilof Islands in the arctic to the tropics and back again. Many 

fishes perform impressive migration, and probably the best known 

is that of the Pacific salmon which, without exception, r ,urns to the 

stream where it was born to spawn and die. No less spectacular are 

the efforts of sea turtles that navigate hundreds of miles across open 

sea in search of the Ascension Islands where they lay their eggs. 

Over the years a number of herpetologists have noted that am- 

phibians migrate from one place to another for various reasons. In- 

itially, reports of these migrations were incidental to investigations 

of the life history and breeding habits of certain species. 

Cummings (1912), studying orientation in newts, reported that 

they could home for only a few hundred yards. He suggested that 

their topographical knowledge of the breeding pond locale, coupled 

with a tendency to walk downhill, led them back to the same pond 

each year. 

Cummins (1920) camped by a pond for six weeks and studied 

the breeding migrations of four species of frogs in order to deter- 

mine what clues they utilize in sex recognition and homing. He 

found that migration occurred in waves following periods of increased 

humidity at temperatures between 41 -52 degrees F. Great vocal ac- 

tivity was not followed or accompanied by increased migration. 
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McAtee (1921) mentioned that he had displaced a marked bullfrog 

(Rana catesbeiana) up to a mile from its home pond. In each in- 

stance the frog returned to the home site within less than 24 hours, 

even though it passed through a stream which was a suitable habi- 

tat. Maynard (1934) followed the breeding migration route of a popu- 

lation of Bufo americanus and concluded that the toads were using a 

two mile stream course as a thoroughfare to the breeding ponds. He 

did not speculate on what navigational clues the toads were utilizing. 

Raney (1940) questioned that the bullfrog displayed any sort of 

homing behavior. He saw "no correlation of their movements with 

spawning, food gathering, temperature changes or other tangible 

factors ". 

Following an extensive study of the Carolina toad (Bufo t. ter - 

restris ), Bogert (1947 and 1960) stated that, "the migratory movements 

of amphibians are limited and in most instances represent nothing 

more than mass movements to the breeding site; there are no reli- 

able reports of migrations over distances exceeding one mile ". In- 

vestigations by Martof (1953) seemed to corroborate the finding of 

Bogert. Numerous recaptures of male Rana clamitans revealed that 

these frogs remain clustered and move en masse over short distances 

to their breeding sites. 

More intensive studies of amphibian breeding migrations and 

their ability to home raised several difficult questions. Savage (1961) 
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described the situation well when he said, "no one who has witnessed 

it (migration) can believe it to be due to haphazard wandering over 

the countryside. Frogs do not merely come across their ponds by 

accident ". 

Other investigators demonstrated the ability of different am- 

phibians to move between two relatively widely separated locations 

for reasons other than merely returning to the breeding ponds. Chap- 

man and Chapman (1958) reported that leopard toads (Bufo regularis 

regularis) made nocturnal journeys between ponds and hiding places 

utilized during the day or during periods of low water. Ferguson 

(1960, 1962, 1965, and 1966), making observations on the movements and 

behavior of Fowler's toad (Bufo fowleri) in residential areas, dem- 

onstrated that these toads made regular foraging migrations to street- 

lights each night. Stille (1952) stated that Fowler's toads made per- 

iodic nocturnal movements between diurnal retreats and the shores 

of Lake Michigan. 

While some of the previous investigators were reluctant to 

recognize a well -developed homing sense in amphibians, others ac- 

cepted it (Bellis, 1959; Brattstrom, 1962; Eibl - Eibesfeldt, 1950; 

Ferguson, 1960, 1962, 1965, and 1966; Goin and Goin, 1960; Heusser, 

1958 and 1960; Moore, 1954; Oldham, 1963 and 1966 and Twitty, 1959 

and 1964) and began to speculate on what clues the animals might use 

in navigation. 
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Bogert (1947 and 1960) felt sure that response of anurans to 

the mating call offered the most reasonable hypothesis to account for 

the high percentage of returns from unfamiliar territory. This -dine 

of thought was in general agreement with that of A. P. Blair (1942) 

and W. F. Blair (1958). 

Czeloth (1931) mentioned the odor of marsh gas or water plants 

as a guide to the migrating newts he was studying. Moore (1954) 

questioned the usefulness of auditory clues and was inclined to be- 

lieve that olfactory stimuli played a major role in guiding toads back 

to their breeding ponds. Jameson (1957) discovered that the Pacific 

treefrog (Hyla regilla) was capable of returning to its home pond 

from distances of up to 1, 000 yards. Although he felt that his work 

failed to provide any adequate explanation of what navigational clues 

were most important to this frog, he did question some of the earlier 

interpretations of the usefulness of auditory and olfactory clues. In 

his exhaustive study of the common frog (Rana temporaria temporaria), 

Savage (1961) emphatically states that frogs may home on odors from 

the volatile oils elaborated by algae in the breeding ponds. This hy- 

pothesis seemed to fit his field observations very well. Twitty (1959 

and 1964), working with Taricha rivularis, established that newts are 

able to migrate over three miles of rough terrain and return to a spe- 

cific portion of the home stream. Olfactory clues are of primary im- 

portance to this newt. 
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Ferguson (1960, 1962, 1965 and 1966) added to the perplexity 

of the problem when he proved that some frogs and toads may em- 

ploy a sun -compass or a stellar- compass to orient toward their 

home shore. When placed in a circular pen, with only the sun and 

sky visible to them, they were able to orient in a direction corres- 

ponding to a line drawn perpendicular to the home shore line. Other 

investigators (Pimentel, 1952; Brattstrom, 1962; Awbreir, 1963 and 

Oldham, 1966) have conceded that vision is of some importance when 

used in conjunction with clues such as topography or known land- 

marks. 

One cannot help coming to the conclusion that the homing in- 

stinct is unequally developed among the amphibians and that various 

species use different means to determine the correct direction in 

satisfying the homing urge. 

From the foregoing review it is seen that inquiry into urodele 

orientation and migration has been meager. Until recently, the in- 

vestigations of Cummings (1912), Czeloth (1931), and Blanchard (1930 

and 1934) were the extent of research into this field. A brief specu- 

lation by Gordon (1961), concerning homing in green salamanders 

(Aneides aeneus), and Twitty's work with Taricha rivularis are the 

only contemporary works that have been done in urodele orientation. 

The ability of T. rivularis to return to a specific segment of its home 

stream after being displaced some three miles conclusively 
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demonstrates that this newt must be able to navigate very effectively. 

The rough- skinned newt (Taricha granulosa) is common through- 

out western Oregon. Pairs of newts in amplexus can be seen by the 

hundreds in quiet ponds or temporary pools from March thru May. 

They are thought to leave their breeding sites in late summer and 

spend a portion of their life as terrestrial forms, foraging or pos- 

sibly estivating during the dry summer months. With the advent of 

fall rains, numerous males may be seen moving about in the forests, 

at some distance from water, presumably beginning to search for 

a suitable breeding site. During October and November, males start 

moving into breeding waters and take up positions along the shallows, 

patrolling the shore line and awaiting the arrival of females. Dura- 

tion of female migration is shorter, starting in late December or 

January and continuing into May. 

It is generally accepted, but it has never been established, that 

T. granulosa annually returns to a breeding pond to spawn. Pimen- 

tel's (1952) study of the biology of this newt only briefly mentions 

possible mechanisms utilized in finding breeding ponds; no reference 

to homing is made. 

With an abundant and readily available supply of this species 

at hand, an investigation was started concerning what, if any, mech- 

anisms might aid this salamander in returning to its breeding ponds. 

The primary purpose of the work was to determine if T. granulosa 
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has as strong an identification with the breeding site as does T. 

rivularis, and to correlate this identification with differing behav- 

ior, ecological preferences, and tolerances in general. 

The objective of the study was to answer these four basic ques- 

tions concerning T. granulosa: 

1) Does this newt, collected from one breeding pond and dis- 

placed to another, faithfully return to the "home" pond? 

2) When displaced to a new breeding pond, do they accept the 

new pond in a larger percentage of cases than is true of T. 

rivularis? 

3) Do they return to the same segment of the "home" pond? 

4) What mechanisms are used in navigation to the ponds? 
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METHODS AND MATERIALS 

This field study extended over a period from June, 1964 to 

June, 1966. It consisted, for the most part, of blocking olfaction 

and /or blinding groups of newts and then marking and releasing them 

along with controls at various distances from their home ponds. 

Blinding and blocking the olfactory tract required simple surgical 

techniques carried on in the field at the capture site. Blinding was 

accomplished by extirpation of both eyes with curved surgical scis- 

sors. In an attempt to find an easy yet efficient method of destroy- 

ing the olfactory nerve, several exploratory operations were carried 

out on newts in the laboratory. Twitty's (1959 and 1964) use of vas - 

eline injected into the nares of T. rivularis proved unsatisfactory for 

that newt. Breathing was greatly impaired and they refused to move 

when placed in his testing enclosure. An unwillingness to move fol- 

lowing operations in the field was also noted in the present study. In 

addition, there is some evidence that blinded T. granulosa remained 

in the new area where they had been displaced and did not attempt to 

home. 

After becoming familiar with the anatomy of the olfactory tract 

and adjacent bones of the mouth, the following method was used to 

destroy the olfactory nerves. With the lower jaw held open, the 

points of small scissors were inserted into the internal nares, the 
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parasphenoid bone separated from the sphenethmoids and reflected 

slightly. A metal probe was quickly inserted, moved back and forth 

in the incision to scramble the tissue, and finally the parasphenoid 

was allowed to fall back into place as the animal was released. In 

this manner a large number of newts could be treated quickly in the 

field. Both operations were a traumatic experience for the animals. 

Moreover, there was no way to assure that olfactory tracts would 

not regenerate after a period of time. Olfactory blocked animals 

retained in the laboratory for a period of two weeks healed nicely 

and were released following their internment, but none was ever 

seen again once they had been released. Blinded animals released 

in the field were recaptured again nine months later in good health. 

Newts were collected from three different ponds which for the 

sake of simplicity will be designated as ponds A, B, and C. Pond A 

is located some one and a half miles directly south of the Peavy 

Arboretum at the Roy Stein residence. Pond B is Cronemiller Lake 

near the O. S. U. Forestry Club cabin in MacDonald Forest, and pond 

C is actually Pond number four of the O. S. U. fish rearing ponds near 

Soap Creek some three and a half miles west of pond B (Plate I). 

Most collections and subsequent displacements took place between 

ponds B and C since pond A dried up early in the study and few col- 

lections could be made there. 

Drift fences, with traps along the base at approximately every 
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20 feet, were placed near the ponds and in the adjacent forest in 

such a manner that returning newts would be intercepted and held 

until they could be collected at intervals of two to four days. The 

fences were constructed of clear polyethylene plastic sheeting (trade 

name - "Visqueen "), six mils. in thickness. Twelve -inch X 20 -foot 

segments of plastic were stapled to 1 X 2 X 12 -inch engineering stakes 

driven into the ground at 6- to 10 -foot intervals. Translucent plastic 

was found to be more satisfactory than black -colored, which due to 

its greater coefficient of expansion, sagged on warm days and allowed 

animals to crawl over the fence. Unlike hardware cloth, plastic fenc- 

ing does not provide a firm purchase for climbing amphibians if it is 

kept taut when it is built. Utilizing an automatic stapling gun with 4 

inch staples, one person can easily erect a drift fence without re- 

quiring help to stretch and hold the material as it is attached to the 

supports. A 2 or 3 inch flap of the fence buried along the bottom 

discouraged newts from burrowing beneath it, but being accomplished 

diggers, even this proved ineffective in some cases. Five such fen- 

ces were constructed near and around the three study ponds; one 

near each pond (lines A, B, and C), one (line D) in MacDonald For- 

est á mile south of pond B, and another 150 yards east of pond C, 

across Soap Creek, designated line E (Plate I). 

Two models of traps were utilized in this study, funnel traps 

and drop traps. Funnel traps were constructed of wire screen. 
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Cylindrical in shape with a cone - shaped throat, their dimensions 

were 16 X 4 inches with a 6 -inch throat narrowing down to a 14 -inch 

entrance. This type trap was placed parallel against the fence as 

indicated in Figure 1. Traps of this kind were employed at lines A, 

B, and D. Drop traps were used along lines C and E. Drop traps 

were nothing more than number ten fruit cans perforated to allow 

drainage and buried at the base of the fence (Figure 2). This latter 

trap proved superior in some respects. Despite their being more 

difficult to set into place, animals remained alive in drop traps much 

longer without desiccating. Because they were sunk into the ground, 

newts were not able to crawl over the traps or escape as they fre- 

quently did with funnel traps. 

Newts were collected for displacement by three methods. Dur- 

ing early spring and summer when newts were abundant in the breed- 

ing ponds, they were dipped from along the shallows. Later in the 

summer, as pond C was seined monthly in connection with a fish 

study being conducted concurrently with this investigation, several 

hundred newts were obtained in this manner. Finally, as fall migra- 

tions toward the breeding ponds began, several newts were captured 

along the drift fences and in the traps. 

Initially, a method of toe clipping was utilized in attempting to 

study the distribution of newts taken from pond C and placed in pond 

B. Marking Taricha granulosa in this manner was found to be 



Figure 1. Funnel trap placed parallel to trap line. Traps of this type were used along lines 
A, B, and D. 
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Figure 2. Drop traps made from number ten fruit cans. Traps 
such as these were used along lines A, B, and D. 
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unsatisfactory for at least two reasons. First, because digits re- 

generate rather quickly, such marks are not durable enough for a 

long term study of this type. Secondly, this newt frequently loses 

toes through predation by other Taricha as well as crayfish that are 

abundant in pond B. Eventually either single or combinations of 

limbs were clipped to mark entire groups of animals. Locomotion 

was not hindered greatly if amputation was made near the distal por- 

tion of the limb in the region of the wrist. No more than three limbs 

were ever clipped on any group. Some limb regeneration did occur 

but marks made as much as 18 months before were easily recogniz- 

able. For this reason it was not deemed necessary to make use of 

any inhibitory substance such as that suggested by Heatwole (1961). 

Although loss of digits is common, few newts were found to have sus- 

tained loss of a whole limb due to natural causes. 

The second phase of this investigation concerned testing the 

orientation ability of newts in a ring similar to that used by Ferguson 

(1963, 1965, and 1966) but modified for use on land (Figure 3). The 

ring consisted of a circle, 24 feet in diameter, of several 2 X 2 -inch 

X 8 -foot posts supported top and bottom by á X 6 -inch by 8 -foot strips 

of plywood. The base of each pole was bolted to a 2 X 2 X 16 -inch 

stake driven into the ground 12 inches. Four X 8f -foot panels of 

black plastic sheeting were then stapled to the framework; the rem- 

nant 6 inches of plastic at the bottom was buried to prevent animals 



Figure 3. Orientation ring used to test the orientation ability of newts. Only solar or 
celestial clues were available to newts released at the center of the ring. 
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from digging out. Sixteen drop cans (number 10 tin cans) were 

buried every 22.5 degrees around the inside circumference of the 

circle (Figure 4). With the can at magnetic north designated as 

Number one, the remaining cans were numbered in a clockwise 

fashion through 16. Nothing but sky was visible f porn ground level 

within the circle (Figure 5) and theoretically only solar or celestial 

navigational clues would be available to newts placed inside of it. A 

circular release box, constructed of plywood and plastic sheeting, 

with four escape holes was then placed exactly in the center of the 

compound. Entrance into the ring was through one of the panels that 

was doubled. The inner panel, being secured only at the top, oper- 

ated as a drop curtain that was pulled tight and fastened at the bot- 

tom as the observer left the ring. 

Animals to be used in the orientation ring were collected by 

hand along drift fences (Figure 6) and placed in a plastic pail with a 

lightproof cover, then transported to the ring by car and tested im- 

mediately. Duration of the tests was approximately 90 minutes. Un- 

der normal conditions, without weather extremes, most of the newts 

had made a directional choice, been confronted by the fence, and fal- 

len into a can within this time. The observer then entered the ring 

and scored the number of newts in any of the 16 cans. After a few 

initial test runs, it was found that groups of ten to 30 animals were 

the most satisfactory sample size; smaller numbers were not 



Figure 4. Drop traps buried every 22. 5 degrees around the inner circumference of the 
orientation ring. ,1) 



Figure 5. At ground level, within the orientation ring, 
the position of the sun or stars is visible. 
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Figure 6. Line E, near Soap Creek. One of five drift fences used in capturing newts 
returning to their home ponds during breeding migrations. N) 
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reliable and when tested in groups larger than 35, a decided clump- 

ing effect was noticeable. A total of 1, 047 newts was tested during 

41 different trials. 
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RESULTS 

Homing 

The numbers of newts marked and recaptured at each of the 

three ponds studied are given in Table 1. 

Pond A 

Line A, located adjacent to a stream bordering pond A, yielded 

no marked newts captured along its north side for the duration the 

traps were in operation (September 25, 1965 to June 1, 1966). Sixty - 

eight unmarked newts were captured in the traps (both north and 

south) during this period. That no marked animals were ever taken 

in line A as they left the pond and presumably moved in a northerly 

direction might be explained by their having to cross the nearby 

stream. On several occasions, while marking and releasing newts 

in this pond, it was noted that they left the pond and entered the 

stream. Swept along downstream (east), many traveled a distance 

of 100 yards or more before emerging on the north shore. This 

journey sometimes carried them past the limits of the drift fence 

located 40 yards north of the stream. Since the size and location 

of the fence was determined by the probable path that newts homing 

from pond B to pond A would follow, no alterations in its dimensions 



Table 1. Numbers of newts of each sex marked and recaptured at three ponds, A, B, and C. 

Trap 
line 

Treatment Distance 
moved 

Males 
marked 

Males 
recaptured 

Females 
marked 

Females 
recaptured 

Percentage 
recaptured 

A Control 12 miles 33 0 40 0 o 

A Olfactory 
block 

1. miles 103 0 58 0 0 

B Control 1z miles 314 12 41 0 3.3% 

B Olfactory 
block 

1Z miles 135 0 13 0 0 

B Blinded 1z miles 517 0 125 0 0 

B Control i mile 274 130 463 46 23.8% 

C Control 31. miles 1158 9 105 0 0.7% 

C Control 1 mile 66 14 0 0 21.2% 

C Control q mile 326 40 167 27 13.6% 

C Control 100 yards 378 18 122 8 5.2% 

C Control 100 yards 126 12 13 0 8.6% 

Total marked: 4577 3430 234 1147 71 
Total recaptured: 315 

. 

' 

N 
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were made. 

None of the 434 newts captured here and removed to pond B, 

12 miles north, was recaptured in line A. Newts collected from this 

pond were taken by dip net during six visits there between March 18, 

1965 and April 28, 1965. During this time the water level of the 

small pond (70x 30 feet) was being lowered in preparation for its 

being dredged. According to the owner, the pond was regularly 

used by a substantial breeding population of newts estimated by him 

to be between 300 -400 animals. By May 1, 1965 only a few inches 

of water remained in the pond and no unmarked animals were found 

there on subsequent collecting trips (up to June 10, 1965 when it was 

completely dry). 

The fact that not all newts transferred to a new pond would 

attempt to return home was demonstrated by their being trapped corn- 

ing back to pond B rather than their home pond (A) the following sea- 

son. Fifteen of 73 (21.9%) controls and three of 161 (1.9 %) olfactory 

blocks trapped in pond A and released in pond B during April, 1964 

were trapped returning to pond B in November and December, 1965. 

In addition, some pond B newts were found to have remained in the 

vicinity of pond A for several months after being released there. 

On March 21, 1966, David Stein found five marked males from pond 

B (two blinded and three controls) hidden in the moist vegetation near 

the pond. All five, in the terrestrial phase, were found hibernating 

in an area of approximately ten square feet. An intensive search 



26 

of that particular habitat four days later produced only three more 

unmarked males. 

Pond B 

Of 355 controls transferred to pond A (11 miles south), 12 

males (3. 3%) were recaptured as they returned to pond B approxi- 

mately one year later. All 12 individuals were from the same group 

marked and released in pond A on April 4, 1965. The first of the 

returning newts was trapped April 10, 1966 and the remainder were 

taken on five occasions from April 19 to May 16, 1966. 

There were no returns to pond B from either group of olfactory 

blocks (148) or blinded newts (182) released in pond A. As previ- 

ously mentioned, two of the latter group were discovered hibernating 

at pond A, 11 months after their release. 

Another drift fence (line D) constructed some 450 yards south 

of line B was placed across what was thought to be a likely avenue of 

approach for newts returning to pond B from a southerly direction. 

However, none of the 12 returns was found to have encountered line 

D before being trapped in line B on the south and west shores of the 

pond. 

A much higher percentage (23.8 %) of newts placed in the springs, 

mile south, did return to pond B. This group frequently encoun- 

tered line D in returning to pond B. During the initial stages of this 

Z 
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investigation newts were collected from pond B, placed in a light- 

proof bucket and carried the short distance to the springs. As they 

were marked and released there, it was noted that few of them re- 

mained in the strange water for more than 15 to 20 minutes. Later 

observations, made while releasing newts here and in other areas, 

indicated that this immediate departure from a strange pond was a 

common behavioral pattern. It was most pronounced in newts in the 

aquatic phase, but it was displayed by terrestrial forms as well. Un- 

fortunately, no apparent directional choice was evident. In small 

ponds and springs, newts would distribute themselves randomly 

and scramble out on all shores. In larger bodies of water, such as 

pond B, they would choose the nearest shore in escaping. Invari- 

ably, retreating newts would hide as quickly as possible after leav- 

ing the strange pond. No follow -up observations on this important 

aspect could be made without some method of monitoring the animals' 

movements and positions at a later date. Technical problems dic- 

tated that this investigation be restricted to observing the movements 

of newts confined in an orientation ring. Further study into this par- 

ticular phase of the research must await the development of smaller, 

more powerful telemetric devices suitable for attachment to animals 

the size of Taricha granulosa. 
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Pond C 

All animals from pond C were controls and were marked and 

released immediately after displacement. None was blinded or had 

its olfactory tracts destroyed. 

From October 6th to November 11, 1964, 1, 263 newts (1, 158 

males and 105 females) collected from pond C were marked and re- 

leased in pond B 31 miles east. Pond C, located near Soap Creek, 

and pond B in MacDonald Forest were separated by hilly terrain cov- 

ered with brush and Douglas fir. The foremost obstacle for any an- 

imal attempting to move between these two areas is a ridge well over 

1, 000 feet in elevation and running in a southwesterly direction. 

Nine (O. 7%) males were recaptured as they returned to pond C from 

pond B. All nine had marks indicating that they had been trapped in 

line E before entering pond C or line C traps. 

Three were trapped in line G (one each on October 4, 1965, 

February 23, 1966, and March 12, 1966) and an additional six were 

seined from pond C on May 20, 1966. None of the 105 females marked 

in this group was found to have returned. 

A significant number (14) of returns occurred when 66 newts 

were released near the top of the ridge between ponds C and B. These 

results merit some special consideration because of the unorthodox 

method in which the newts were transported to the release site. On 
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February 23, 1966 a total of 66 male newts were carried approxi- 

mately one mile east of pond C to the top of a high ridge. Actually, 

only 20 of the animals were taken from pond C; the remaining 46 were 

pond B newts that had been previously tested in the orientation ring 

and left there two days and two nights. Because the usual lightproof 

container had been left behind, all of the animals were placed to- 

gether in an open plastic pail and carried up the slope where they 

were released after being marked. On March 3, 1966 the first of 

14 returns was taken at line E located some 50 yards east of Soap 

Creek. Although little concrete evidence for the importance of vision 

as a navigational mechanism can be drawn from these results, it is 

noteworthy that four of the returning newts covered the mile in eight 

to 12 days, considerably faster than animals released from light- 

proof containers at shorter distances. The total number of animals 

removed from pond C and released á mile east of there was 483. Of 

this total, 67 (14. 6 %) were trapped in line C as they returned to their 

home pond. Four hundred and thirty -one (89. 3 %) of this group were 

first trapped in line E, toe -clipped, and then released on its west 

side. 

During May, 1965, 500 newts were seined from pond C and 

placed in another one of the eight ponds that make up this complex. 

The total displacement was not more than 100 yards southwest of 

pond C. In this way it was hoped that some understanding of the 
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newt's desire for a specific body of water could be gained. The wa- 

ter in this group of fish rearing ponds is frequently pumped from one 

pond to the other as their water level is lowered prior to seining. 

Since there is a great deal of mixing of the various ponds' waters, 

one should be almost identical to the next in composition and char- 

acter. It must be noted here that pond C had the richest fauna of 

fish, newts, and zooplankton due to its being fertilized frequently. 

The addition of this organic material may have provided secondary 

characteristics to the pond that were discernible to newts living in 

it. From September, 1965 to June, 1966, 26 (5. 2 %) of the 500 

marked newts were seined from pond C or trapped in line C as they 

returned. Six of the 26 (23. 1 %) had toe clips denoting capture in 

line E as they were coming back to the home pond. It is assumed 

that newts in this group had spent some time in the surrounding woods 

prior to returning to pond C the following year (spring, 1966). 

As the four ponds were seined throughout the summer of 1965, 

it was noted that some of the newts had distributed themselves in 

the two intervening ponds. A large percentage (62 %) remained in 

the new pond where they had been placed until migration from the 

ponds began in August, 1965. 

Line E, 100 yards east of pond C ran parallel to Soap Creek 

for a distance of 125 yards. Newts returning to pond C from an 

easterly direction were intercepted by this line before crossing 
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Soap Creek and ultimately finding a suitable breeding pond. Newts 

captured in this line for the first time numbered 139 (126 males and 

13 females). Of this number, only 12 males (8. 6 %) were recaptured 

at line C or in that pond. What percentage of these animals were 

actually seeking pond C is unknown. Most of them obviously went 

into one of the adjacent ponds rather than pond C. 

Since none of the marked newts in any part of this study was 

followed day by day in their return to the home pond, no exact data 

on rate of travel is available. However, minimum times required 

to cover a certain distance are known and can furnish an index of 

what the rate of travel may be. Table 2 lists some of the distances 

covered and the minimum time required to do so. 

Table 2. Time required to travel measured distances. 

Number 
of 

newts 

Distance 
traveled 

Minimum 
time 

required 

Location 

21 4 mile 5 days Pond C 

17 i mile 9 days Pond B 

4 1 milea 8 days Pond C 

12 14 miles 371 days Pond A to B 

9 31 miles 485 days Pond B to C 

aNewts carried to release point in open container. 
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Orientation Ring 

The working hypothesis in this series of tests was that newts 

would make a directional choice when released in an orientation 

ring with only solar or celestial clues available to them. The null 

hypothesis was that newts would randomly distribute themselves 

about the ring. 

The diagrams represented by figures 7 through 9 show direction- 

al preferences displayed by newts in a 24 foot orientation ring. The 

length of each line is proportional to the percentage of newts cap- 

tured in that trap. The pointer denotes direction of the home pond 

from the orientation ring. 

Figure 7 

Displayed here are the combined results of 12 trials involving a 

total of 277 newts. All 12 trials were conducted during daylight 

hours. The newts utilized in this sequence of tests were captured 

at line C, located some 350 yards west of the orientation ring. Di- 

agrammatically this group of tests indicates a preferred direction 

that is generally west. It so happens that the preferred direction, 

in this case, coincides with the direction of the home pond. It would 

be tempting to infer that these newts made a choice of direction that, 

if pursued, would lead them to their home pond. However, a more 
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NORTH 

Figure 7. Directional preference displayed by pond C 
newts during the day. 277 animals tested 
during 12 trials. 
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tenable hypothesis is that newts captured at the drift fences and re- 

leased in the orientation ring are able to orient in the general direc- 

tion they were heading when trapped. 

Over 80% of the animals tested from line C were collected from 

traps along the south leg of that line, i. e. , heading in a westerly 

direction. Trap number 13 in the orientation ring, lying directly 

west of the release box, had the highest trapping frequency of 15. 5 %. 

Traps immediately adjacent, numbers 12 and 11, were next highest 

with frequencies of 10. 5% and 10.8% respectively. Any newt falling 

into traps numbered 10 through 16 (west vector) was assigned a pos- 

itive value, those falling into traps numbered 2 through 8 (east vec- 

tor), a minus value, and any newt taken in traps number 1 (north 

vector) or number 9 (south vector) was discounted as affecting either 

hypothesis, and thus given no value. 

In order to test the hypothesis of directional choice, totals of 

animals trapped in an east and west vector were subjected to a chi - 

square test. Reference to a table for chi - square probability (Simp- 

son et al., 1960) provided the values listed on line 4 of Table 3. 

When the chi -square of the total number of newts falling into the 

west vector is calculated, the probability that newts from line C 

were not orienting to the west is less than 0.001. 



35 

Figure 8 

Shown in Figure 8 is the preferred direction chosen by 772 

newts tested during 29 separate daylight trials. All animals tested 

were collected at line B, some 3; miles away, and transported to the 

ring in a lightproof container. Unlike figure 7, figure 8 indicates a 

directional preference different from the true direction of the home 

pond. 

The difficulty of interpreting these results is compounded by 

the fact that animals captured at line 8 could have been following a 

heading of either north or east. The two groups were not tested 

separately. Consequently, it was necessary to consider both north 

and east vectors simultaneously. Trap numbers 15, 16, 1, 2, and 3 

were considered the north vector. Traps numbered 3, 4, 5, 6, and 7 

were designated as the east ve ..or. 

Chi -square tests (lines 1 and 2, Table 3) applied to the totals 

of newts trapped in the north vector (313) and those trapped in the 

east vector (259) give a probability of less than .001 and less than 

. 02 respectively. The values are well within the . 05 significance 

level indicating both groups tended to orient north or east, although 

the north preference was most prevalent. 

The problem of determining how many newts of each of the 29 

groups tested had been trapped heading east at the trap line and how 
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NORTH 

9 

Figure 8. Directional preference displayed by 
pond B newts tested during the day. 
772 animals tested during 29 trials. 

36 
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many north was simple enough to solve. Reference to field records 

supplied the percentages of animals heading in either direction when 

captured. These percentages, when applied to the appropriate test 

groups ran in the ring that day, gave the numbers of newts that 

should have fallen into the proper north or east vector. 

Figure 10 shows a scatter diagram demonstrating correlation 

between the percentages of newts trapped at a north heading and 

those following that heading when released in the orientation ring. 

The correlation coefficient for this particular data is 0.406. A 

table of significance probabilities (Simpson et al. , 1960) gives a 

probability of slightly less than . 05. Thus, there was a significant 

correlation between the percentage of animals trapped heading north 

at line B and the percentage of those same animals heading north in 

the orientation ring when tested a few hours later. 

Figure 11 is a scatter diagram of the correlation between 

newts heading east at the line and those falling into the east vector 

of the orientation ring. The correlation factor of 0.246 falls well 

outside the . 05 level of significance. Therefore, there seems to 

be little correlation between a heading of east at the trap line and 

a heading of east in the orientation ring. Even without statistical 

analysis, the strong northward tendency is evident in figure 8. 
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Figure 9 

The pattern of distribution for 155 newts tested during five 

different night trials are shown in figure 9. The five trials were 

conducted between the hours of 10:00 P.M. and 12:00 midnight from 

April 16 to May 6, 1966. Each of the five nights was clear. 

A general tendency toward an easterly direction is displayed 

by these test groups. Traps number 2 (10. 3 %) and 4 (9. 7 %) had the 

highest percentage of recapture. The chi -square value for the num- 

ber of animals falling into the north and east vectors is 2. 122 (line 

4, Table 3). At one degree of freedom, this value gives a probabil- 

ity of less than . 20, outside the . 05 level of significance. Although 

one must be cautious in evaluating results compiled from such small 

numbers of tests, it appears the newts were not orienting under these 

conditions. 

Only control animals were utilized for tests in the orientation 

ring. The traumatic effects of either blinding or destroying the olfac- 

tory nerves made it impossible to test animals immediately after 

treatment. It was felt that displacement of treated animals in differ- 

ent ponds would allow them sufficient recovery time and provide 

more information on the value of certain sensory mechanisms as 

navigation devices. 
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NORTH 
1 

Figure 9. Directional preference displayed by pond B 

newts tested during darkness. 155 animals 
tested during five trials. 
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Figure 10. Correlation between percentages of animals 
moving north at line B and those trapped in 
the north vector of the orientation ring. 
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PERCENTAGE OF ANIMALS GOING EAST AT DRIFT FENCE 

Figure 11. 

100% 

Correlation between percentages of animals 
moving east at line B and those trapped in the 
east vector of the orientation ring. 



Table 3. Probabilities of newts randomly distributing themselves in the orientation ring. 

Pond Number 
of 

trials 

Total 
number 
tested 

Total 
north 
vector 

Total 
east 

vector 

Total 
west 

vector 

X 2 P 

1. B 29 772 313 27. 610 < . 001 

2. B 29 772 259 8. 356 < . 02 

3. B (night) 5 155 42 47 2.122<.20 

4. C 12 277 81 168 30.397<.001 
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DISCUSSION 

The return of 315 out of 4,577 Taricha granulosa displaced at 

distances from 100 yards to 31 miles would seem to establish that 

this newt is able to home. Although the percentage of returns did 

not vary according to the distance the newts were displaced, gener- 

ally those newts that were moved the farthest had the lowest percen- 

tage of return. Exceptions to this statement were the groups re- 

moved from pond C and released 100 yards away and those trapped 

and released at line E for the first time. Twenty -six of 500 animals 

seined from pond C and placed in an adjacent pond were captured in 

pond C or in the trap line along its north and east border. 

The small percentages of returns from a relatively short 

distance may have been due to several factors. There was no way 

of determining how many of the newts captured at line E for the first 

time were actually homing on pond C. They may have been homing 

on any one of the other ponds. Only those attempting to enter pond 

C were trapped in line C and recorded. There is the possibility that 

a large number of the group transferred to a different pond accepted 

their new pond. Unlike most other groups released in foreign wa- 

ters, none of the 500 were seen leaving the pond immediately follow- 

ing their release. Had they found their new environment unsuitable, 

the usual indication of their dissatisfaction would have been to leave 
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the strange water within 20 -30 minutes. Water within this complex 

of fish rearing ponds is frequently interchanged and mixed. One 

would think that such mixing would lead to a uniformity of conditions 

in the ponds. Studies by Smith (1965) of the Taricha population in 

four of these ponds (including pond G) have shown, however, that 

each pond has individual limnological characteristics, but that little 

interpond migration takes place. Smith's study was conducted dur- 

ing the time (1965) that any of the 500 newts would have been moving 

back to pond C had they desired to do so. 

As previously mentioned, there seemed to be no definite 

orientation concerned with initial movement out of a pond; the ani- 

mals simply picked the nearest shore and left by it. Twitty (1959 

and 1964), in his work with T. rivularis, noted that this species be- 

gan its homeward journey within the first year it was displaced, 

even though actual re -entry into the home stream did not occur for 

another year or more thereafter. No mention was made of their 

leaving the water immediately. 

There seems to be little correlation between the percentage 

of newts accepting the displacement site and the distance removed 

from their home pond. There is evidence that five individuals did 

remain at pond A throughout a second breeding season. Captured 

at pond B and released at pond A during April of 1965, they were 

discovered hibernating near the release site on March 21, 1966. 
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Had they chosen to leave and initiate a homing response, they no 

doubt would have left this area during the fall of 1965 as others in 

their group must have. 

The capture of 15 untreated and three olfactory blocked newts 

returning to pond B the following breeding season, rather than their 

home pond (pond A), lends credence to the assumption that T. granu- 

losa may not show the fidelity to its home waters that T. rivularis 

does. The percentage (7. 6%) known to have remained at pond B is 

of significance in that no others of this group were found returning 

to the home pond. However, one must be cautious in giving this 

observation too much weight. The duration of the study was not 

sufficient to warrant the assumption that additional animals would 

not return during the next two to three years. It is possible that 

those animals remaining at the new pond a second year would return 

home after a two to three year absence. Taricha rivularis has been 

found to remain at the displacement site for one to two years before 

returning to its home stream (Twitty, 1964). 

The ratio of males to females marked was 2. 9 males to one 

female. The ratio of recaptures proved to be 3.3 males to one 

female. It will be noted in Table 1 that the most successful returns 

were in the group of 274 males and 463 females removed 2 mile from 

pond B. Of the total displaced, 47.4 percent of the males and only 

10.1 percent of the females released were recaptured as they re- 

turned. This data roughly compares with the sex ratios of returns 
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for T. rivularis (Twitty, 1959) the first year following a displace- 

ment of 11 miles within the home stream. Of 314 males removed lZ 

miles in this study, only 3. 8 percent returned the first year. Twitty 

(1959) has stated that his data indicated male T. rivularis may not 

return to the breeding ponds each year, but become sexually active 

at intervals of every two years. The lower incidence of females re- 

turning suggested that their breeding cycle was even longer (three 

to four years). From the percentage of returns obtained in the pres- 

ent study, it would appear that a similar situation may exist in T. 

granulosa. In planning further research concerning the problem of 

newt orientation and navigation, it would be necessary to fully ap- 

preciate this important implication. Even though a very large group 

of females may be marked, they may not provide adequate returns 

for three to four years. 

With the homing ability of T. granulosa confirmed, the per- 

ennial question is raised. Does this newt find its way back by a ran- 

dom searching of the countryside or by oriented navigation? Even 

though the percentage of returns from long distances is low, the ac- 

curacy of the returns cannot be disputed. This would seem to rule 

out random search as the method used in homing. There has been 

a great deal of discussion concerning what serve as navigational cues 

and what senses amphibians utilize in recognizing them. On occa- 

sion, in the past, kinesthetic memory (learning topography by 
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repeated movement over the area) has been suggested as a possible 

clue. Cummings (1912) held that newts found their breeding ponds 

by a tendency to walk downhill and that homing was due to topograph- 

ical knowledge of the area around the breeding site. His statement 

that newts which become lost only regain water again by chance is 

refuted by this study as well as those of Twitty (1959 and 1964), 

Packer (1960, 1961 and 1963), Gordon (1961) and others. Although 

it is not impossible that T. granulosa could become entirely familiar 

with a large area surrounding its home pond while foraging there, 

it seems unlikely. Twitty (1959) tested T. rivularis with tilting 

tables and in situations where any topographical differences were 

erased. His newts oriented successfully toward home under such 

conditions. No effort to test the worth of kinesthetic memory was 

carried out in this study of T. granulosa. The chance that topog- 

raphy in an area some one to two miles distant would be the same 

as that in the area adjacent to the breeding ponds seems unlikely. 

In addition, it is highly improbable that T. granulosa has a home 

range large enough to enable them to be familiar with the great dis- 

tance some traveled in returning to their home pond. 

Hydrotaxis, the ability to move toward water from a distance, 

has also been considered as a navigational aid. This is refuted by 

almost all studies of amphibian migrations. Most such migrations, 

both in and out of the breeding ponds, are initiated by rainfall and 
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take place during periods of rain or high humidity. Blanchard (1930 

and 1934) stated that the first warm rains following disappearance 

of snows started migration of Ambystoma maculatum, but that tem- 

perature may have been more effective in initiation of migration. 

Pimentel (1952) indicated that an interplay of gonadotropins and 

heavy fall rains started Taricha granulosa migrating. Packer (1960), 

studying the bioclimatic influences on breeding migrations of T. 

rivularis, noted that newts emerge following moderate fall and early 

winter rains. Movements away from the breeding stream were also 

stimulated by rain independently of other factors. In the absence of 

rainfall, the size of the breeding migrations was found to be corre- 

lated with changes in the mean evening temperature and minimum 

relative humidity of the preceding day. Smith (1965) reported seeing 

T. granulosa poised near the edge of the water in pond C during dry 

August days. Rains were cited as triggering the migration of this 

newt out of its breeding ponds. Personal field records show that 

throughout this investigation the largest collections were made at 

drift fences during or following periods of rain. With the whole 

countryside wet, it would be impossible for a newt to find a specific 

body of water if hydrotaxis were his sole means of navigation. 

There seems to be little doubt that rainfall is a powerful in- 

fluence on the commencing of urodele breeding migrations, but a 

certain hormone level must be reached before any migration stimulus 
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is effective. Hormones simply condition the animal to environmental 

changes that cause the newt to seek out a suitable breeding spot. 

Grant and Grant (1958) have identified lactogenic hormone as the 

principal hormone responsible for starting the terrestrial stage (eft) 

of Diemyctylus viridescens migrating toward water. 

Fall rains do trigger migration in T. granulosa but this is 

not a synchronous movement. It would indeed be surprising if it 

were, for this would mean that all of the newts were in the same 

state of physiological readiness and that all of the microclimates 

in their hibernacula were identical. Trapping records show that 

males were already returning to the breeding ponds when the traps 

were put into operation in September, 1965. They continued to be 

trapped in large numbers until December and then sporadically after 

that. Females moved into the ponds over a shorter period of time 

and occasionally only females were trapped in the lines, especially 

during March and April, 1966 at pond B; however, in the estimation 

of this author, this did not constitute a mass migration. 

The role of hearing as a sensory mechanism utilized for 

navigational purposes can be discounted for salamanders. Salaman- 

ders have been though to be deaf to airborne sound until recently. 

Some apparently can detect low frequency sounds, but all lack a 

middle ear, with its eardrum, which is necessary for the reception 

of air vibrations. Unlike anurans, the urodeles are not responsive 
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to most airborne sounds and therefore, it seems impossible that 

hearing could play any significant role in their orientation to the 

homesite. 

Twitty (1959 and 1964) contends that olfaction is of primary 

importance for newts that are able to successfully home. He feels 

that T. rivularis, on being removed as much as two miles from the 

home stream and released, literally smells its way home. As fan- 

tastic as it may first sound, there is substantial evidence to support 

the olfactory theory. As a part of his first inquiry into the problem, 

the orientation ability of newts was tested in a star - shaped enclosure 

near the home stream. Results indicated that those animals removed 

up to 700 yards from the home stream could orient correctly (to the 

homesite), but from beyond that distance their distribution in the 

star -trap was random. The implication was that newts, when placed 

beyond z mile from the home stream, randomly search about until 

they are carried into striking distance of the home stream, then 

pick up olfactory signals to navigate. For the newts to be able to 

find a specific portion of their home stream, as they are able to do, 

entirely by following the odor emanating from it, would require their 

having a highly developed sense of smell. Twitty (1959) commented 

on their olfactory abilities and cited an example of male Taricha 

rivularis being attracted from several yards down stream to a 

sponge that had been merely dipped into the water where females 
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were kept. During exploratory operations concerned with destroy- 

ing the olfactory tract of experimental newts, it was found that T. 

granulosa does have large nasal choanae and well -developed olfactory 

nerves supplying them. Twitty's (1959) newts did not orient in the 

star -trap after their nares had been occluded with vaseline; however, 

this may have been due to trauma rather than a loss of the facility to 

navigate. In later experiments he surgically destroyed the olfactory 

nerves. Nicholas (1922) found that blinded Ambystoma tigrinum could 

locate food and survive regardless of loss of eyesight. Experimental 

odor streams elicited no response on the part of the animals unless 

the odor was irritating and then the animal moved away from it. 

Granted that the sense of smell is well- developed in newts, 

the precision with which T. rivularis returns to the same 50 foot 

segment of the home stream demands that this particular section of 

the stream provide a combination of odors characteristic of it alone. 

In a personal communication to Dr. Twitty (1965), several 

questions were raised in connection with his earlier findings. It 

seemed unreasonable to think that animals which are thought to util- 

ize odor as a navigational aid but experience difficulty orienting be- 

yond 700 yards from the home stream, could effectively navigate, 

using the same method, from distances of two to five miles. He 

answered that the star -trap was not the useful testing device they 

first thought it to be. The small area of the trap did not allow enough 
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probing movements for the newts to make a correct directional 

choice and follow it. Within a few hours after being placed in the 

trap, they had been captured in one of its arms. If odors were weak, 

emanating from a distant point, newts would have trouble choosing 

the correct direction. Consequently, more of them would move 

about randomly and be trapped moving in the wrong direction. The 

solution to this problem was for him to build fences, approximately 

300 yards apart, running transversely from the home stream. An- 

imals collected from points over z mile upstream and downstream 

were released in separate series midway between the fences. Under 

these conditions the animals had considerable time to make a direc- 

tional choice and pursue it without being trapped. Invariably, newts 

attempted to return to the home segment of the stream during that 

season and the following one. It is interesting to note that the series 

of animals from upstream and those from downstream were tested 

separately. One wonders what would have resulted from the two 

groups being released simultaneously. Would they have gone their 

separate ways? And what were the prevailing wind currents at 

ground level during this period of time? 

In each instance that T. rivularis was transported to a differ- 

ent portion of the home stream or another stream, Twitty (1959 and 

1964) states that they left the water and returned home by land. This 

reaction was also noted in T. granulosa displaced in this study. If 
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olfaction was the primary sense involved in the orientation and 

eventual navigation back to the home waters, then the odors must 

be airborne. In that case, prevailing winds must play a great part 

in the success of a newt homing from a distant displacement. There 

is some precedent for this line of thought. Czeloth (1931) suggested 

that marsh gas might serve as a guide to the migration of newts. He 

also mentioned that water plants might serve as a source of odor 

since they could give the ponds in which they occur a characteristic 

odor. Savage (1961) postulated that frogs may find their breeding 

ponds by homing on odors coming from them. He indicated that he 

has been able to recognize the odor of a pond from some distance 

by the odors developing from certain types of algae growing there. 

Field observations of the paths frogs utilized in returning to the 

breeding ponds each year have led him to believe they were follow- 

ing ditches that ran to the breeding ponds. Cold air flowing off the 

pond and along the ditches was thought to have saturated the vegeta- 

with algal odor, thereby providing a path for the frogs to follow. 

Another question concerning Twitty's 1964 publication con- 

cerned the return of newts from relatively great distances. He 

stated that newts displaced in Jim Greek, some two miles away and 

over a mountain ridge from Pepperwood Creek, showed a 77 percent 

return within three years. Since there is a confluence of Jim Creek 

and Pepperwood Creek, there was the possibility that a portion of 
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the newts displaced in Jim Creek might have followed that creek 

back to its confluence with their home stream. This idea was 

quickly dispatched by his citing numerous catches of newts trapped 

on the ridge between the two creeks as they returned overland to the 

home stream. In addition, none of the displaced newts was ever 

found in the lower reaches of Pepperwood Creek during daily collec- 

tions there; a further indication of their not using the stream as a 

thoroughfare back to the home segment of the stream. Packer (1963), 

in working with the same species on the same Pepperwood Creek, 

stated that this newt seldom entered the water or remained in areas 

very far from their preferred area. However, while some did re- 

main near more distant points of entry, others moved through the 

water to the preferred area. This suggested that there may be an 

aquatic as well as a terrestrial phase in their migration. 

In this same discussion, Twitty (1964) stated that when newts 

displaced long distances are released between two fences, they 

showed a strong element of initial orientation toward home. It 

would be interesting to see what effect, if any, destruction of the 

olfactory nerves has on this initial orientation. A strong tendency 

to orient toward home soon after their release implies that the an- 

imals do not randomly search about for an odor of the home stream. 

It would seem more feasible that some other clue was being utilized 

at this great distance. 
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Reference to the release of 66 newts one mile east of pond C 

provides some indication of the importance of vision as a primary 

sense utilized during navigation. The newts were carried to the 

ridge in an open container. When allowed to observe the direction 

in which they were being moved, they seemed able to orient more 

quickly and, therefore, return faster than newts released from 

covered containers at comparable distances. Of the total released 

here (66), 46 were pond B animals. None of the 46 was ever found 

to have returned to pond B. Apparently, they moved in a similar 

direction as pond C newts (west) and encountered line E where they 

were trapped. This would mean that they were able to navigate back 

to the spot from which they had most recently been removed (orien- 

tation ring). Unfortunately, the two groups of newts from pond B 

and C were not marked so as to distinguish them. There was no 

way of determining if any pond B animals had reoriented during 

their two day internment in the orientation ring near Soap Creek. 

If they did not, this means that a much higher percentage (70 %) 

pond C newts returned when allowed to observe the sun's position 

as they were being moved than when moved in a lightproof container. 

Twitty (1959 and 1964) has ruled out the possibility that vision 

may be a critical sense in homing of newts. There does seem to be 

merit in his criticisms of vision as being of primary importance 

to homing newts. Blinded Taricha rivularis did return to the home 

of 
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stream from distances of two to three miles and did so by coming 

overland. As will be noted in Table 1, none of the blinded or olfac- 

tory blocked T. granulosa in this series of tests was found to have 

returned to the home pond. Of course, evidence of this sort is not 

conclusive for the hazards imposed by blinding and blocking the ol- 

factory tracts no doubt added to mortality on the long journey. 

Numerous questions remain unanswered concerning the im- 

portance of vision to this newt. It is true that the horizon of these 

small amphibians is limited to no more than a few inches above the 

earth and that many times it is obscured by vegetation. It is also 

true that T. granulosa frequently migrates at night during periods 

of inclement weather when "navigation by reference to celestial bod- 

ies could hardly be a factor" (Twitty, 1965). However, why are the 

newts able to orient toward home soon after being released miles 

from it where there is no chance for any odors from the home stream 

to reach them? How do we know what other areas are of secondary 

importance to them in light perception? Pearse (1909) found that 

some amphibians, including Diemyctylus, after removal of the eyes, 

gave photic responses which were like those of normal individuals. 

He stated that photic responses of eyeless amphibians was due to 

stimulation of photo- receptors in the skin. Szyle (1916) also noted 

that the skin of Necturus served as a photo -receptor; regions of the 

head and tail were most sensitive to light. 
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The regenerative powers of Taricha are well known, but so 

far as this author knows, no investigation of the ability to regenerate 

whole portions of the nervous system has been reported for newts. 

Once destroyed, there is no definite method of determining whether 

or not the retina or, for that matter, the olfactory epithelium or 

olfactory nerves rebuild themselves within a relatively short time. 

No precaution against this possibility was taken in this investigation 

nor in those of Twitty (1959 and 1964). 

Ferguson (1962, 1965 and 1966) has offered evidence that 

some frogs possess a sun -compass and are able to oreint toward 

their home shore by a method he chooses to call Y -axis orientation. 

The circular diagrams shown in figures 7, 8, and 9 give the results 

of newts tested in an orientation ring similar to that used by Ferguson 

(op. cit.) but modified for land use. Figure 7 indicates that a good 

percentage of the newts released during these tests did orient in the 

direction of their home pond which was located some 350 yards directly 

west. However, these results are not indicative of the newts know- 

ing where their home pond was in relation to the orientation ring. 

They had been carried to the ring in a lightproof container and had 

no way of determining that the home pond was west of there. 

With the home pond so close at hand, a question is raised 

concerning the importance of odors coming from there to direct 

newts in the ring. Ferguson (1962) points out that wind direction 
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inside the ring is exactly opposite from that outside the ring. This 

can easily be demonstrated by burning an oily rag within the perime- 

ter of the ring and observing the direction that smoke travels near 

the ground. Prevailing southwesterly winds during the period of 

weeks that the tests were conducted would have carried away or at 

least provided only slight and constantly shifting reference to the 

home pond. 

A chi -square test was applied to the total numbers of animals 

moving toward the west side of the ring. It demonstrated that there 

was less than a . 001 probability that the animals were randomly dis- 

tributed about the ring when trapped. Their direction was oriented. 

The percentages indicated by the length of the lines extending from 

the center of the ring to each trap show that traps along the western 

perimeter were most successful in trapping animals from pond C. 

Although the direction of the home pond coincides with that of the 

preferred direction in the orientation ring, it is merely coincidental. 

Using visual clues, the newts oriented in a direction they had been 

following when trapped at the trap line C (Y -axis orientation). 

The results of animals released in the orientation ring from 

pond B are neither so significant nor as easily explained. With the 

great distance that separates the orientation ring and pond B, how- 

ever, the effects of odors from the home pond on the results can be 

ignored. Casual observation shows that the preferred direction of 
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animals in these test groups is generally north. Interpretation of 

figure 8 is complicated by the fact that the newts were trapped along 

an L- shaped trap line. Thus, if they were utilizing a Y -axis type 

orientation, they could have been heading in either of two directions, 

in this case east or north. Chi -square tests show that there is a 

greater probability the newts were heading in a northward direction 

than east (Table 3, lines 1 and 2), but both are significant at the . 05 

level. Thus, the indication is that neither group randomly distributed 

themselves about the orientation ring. 

Correlation between the percentages of animals heading in a 

northerly direction at trap line B and choosing that direction in the 

orientation ring was within the . 05 level of significance (figure 10). 

There was not a significant correlation between those trapped going 

east at the line and those trapped in the east vector of the orientation 

ring (figure 11). The greater part of trap line B was located along 

the south shore of pond B and extended for only a short distance along 

the southwestern corner of the pond. The western leg of this line 

was so short that it would not have captured many newts returning 

from a westerly direction. All of the animals trapped along this 

line were coming into pond B from a south or southwesterly direc- 

tion. That is to say, while foraging out in the woods, the breeding 

pond must have been on a bearing that was generally north of them. 

This tendency to continue following the north bearing is the only 
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explanation that can be offered for their behavior in the orientation 

ring. 

Although figure 9 shows a slight tendency toward an eastward 

direction, a chi -square test applied to the percentage of animals 

trapped in the north and east vectors indicated a random distribu- 

tion during these tests (line 3, Table 3). The small sample tested 

during hours of darkness would, of course, affect the value of these 

observations. This series of tests seem to show that the newts were 

not orienting at night. This is a direct contradiction of many field 

observations where newts have been seen moving toward breeding 

ponds at night when it is overcast and raining. Because of these 

personal observations, the author is highly skeptical of the results 

shown in figure 9, but much more data would have to be collected 

to make the results of this series reliable. 

There are several objections to results obtained under such 

severely confined conditions as the orientation ring. As Twitty 

(1959) noted with his star -trap, there is little time for exploration 

before the animals are trapped. In effect, they can make but one 

choice before they are recorded as heading in that direction. Wheth- 

er they would have continued to follow their initial heading cannot be 

determined in such a device. The period of time that the observa- 

tion of the newts' movements was conducted was short in relation 

to the time required for them to successfully home. Perhaps it can 
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be said that this investigation has not provided any conclusive evi- 

dence about the sensory basis of homing in Taricha granulosa, but 

it has proven that the newt is capable of homing from considerable 

distances. It is not possible, with our present state of knowledge, 

to say which of the basic senses is most important in helping newts 

navigate during their breeding migrations. Animals that success- 

fully home, despite suffering the loss of one of their sensory mech- 

anisms, do not necessarily prove that mechanism is not of funda- 

mental importance in homing. The acute development of a secondary 

sensory mechanism that serves in place of one that was destroyed is 

commonplace throughout the animal kingdom. It would be more re- 

alistic to think that each newt will use any and all sensory mechan- 

isms at his disposal in sampling environmental clues. The loss of 

one may make migration more difficult, but not impossible. 

It may be, as Twitty (1964) has suggested, that the most 

fruitful research in urodele migration patterns and homing will come 

from extensive, long -term field studies. With the further develop- 

ment of miniaturized electronic monitoring devices, new avenues of 

attacking the problem will be opened. When the daily movements of 

a number of newts can be mapped over a long period of time, more 

insight into such pertinent problems as home range, breeding cycles, 

migration routes, orientation, and navigation will be obtained. 
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SUMMARY AND CONCLUSIONS 

1. Recent investigations of homing ability have shown that 

this faculty is more widespread throughout the animal kingdom than 

was suspected. Homing ability has apparently evolved independently 

in many groups and navigational skills are more highly developed in 

some than others. 

2. In the field of herpetology, most studies of homing have 

been carried out with anurans and, to a lesser degree, reptiles. 

Studies of orientation and navigation in urodeles have been limited 

to a few brief notes and extensive investigations on Taricha rivularis 

by Twitty (1959 and 1964). 

3. The rough- skinned newt, Taricha granulosa, is abundant 

and widespread throughout western Oregon. The regularity of their 

breeding migrations has been noted by herpetologists for years; how- 

ever, it has never been established if the newt is capable of returning 

to the same breeding pond annually. 

4. This investigation was started to determine how strong 

an identification T. granulosa has with a particular breeding pond 

and what mechanisms might aid it in returning to that pond. 

5. Prior research on sensory mechanisms utilized by T. 

rivularis, a closely related species, indicated that olfaction was of 

prime importance to that newt during its breeding migrations. 
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6. Between June, 1964 and June, 1966, 4, 577 newts were 

marked and released at three different ponds 11, to 31- miles apart. 

A portion of the newts were released at shorter distances ranging 

from 100 yards to 2 mile. Newts exchanged between ponds were 

blinded, had the olfactory nerves destroyed, or were marked and 

released without treatment as controls. 

7. Drift fences with funnel traps or drop traps were placed 

near each pond to intercept homing newts. 

8. Only controls were recaptured returning to the home 

pond during this study. Percentages of returns ranged from 0. 7 

percent for animals displaced 32 miles to 23.8 percent for those re- 

leased I mile from the home pond. The time required to travel a 

known distance varied from z mile in five days to 3z miles in 485 

days. 

9. A second phase of the study consisted of testing the orien- 

tation ability of newts placed in an enclosure wherein only solar or 

celestial clues were available to them. Newts captured along trap 

lines were transported to the orientation ring in a lightproof con- 

tainer and tested within a few hours. 

10. During 41 separate daylight trials, 1,047 newts were 

tested. Scatter diagrams showed that, during daylight hours, initial 

headings in the orientation ring were correlated with the general 

bearing that newts were following when captured at the drift fences 
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(Y -axis orientation). 

11. Chi -square tests applied to totals of animals trapped at 

16 compass points around the ring's circumference indicated a prob- 

ability of less than .02 that newts had made a random choice of direc- 

tion when released during daylight hours. 

12. A total of 155 newts were tested during five night trials. 

Distribution diagrams and chi -square tests of night runs indicated 

a random distribution in the orientation ring during darkness. The 

limited sample size made the significance of night tests questionable. 

13. Newts returned from distances of up to 31 miles and were 

able to orient in an enclosure which was far removed from the influ- 

ence of any odors emanating from their home pond. 

14. Indications are that vision as well as odor may play a 

significant role in navigation of this species during its breeding mi- 

grations. 
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