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much smaller animals after a year of life. The young of 1958 over-
lapped in size animals at least a year older. An unusually early rain
on 19 September 1956 offered another opportunity to study growth.
Juveniles at Valencia Lagoon emerged from their summer retreats
in response to this rain. The average snout-vent length of 17 newly
metamorphosed young from the same area between 16 and 19 June
was 37.5 mm, average total length 75.6. Approximately three months
later, on 19 September, the mean snout-vent length of the 28 young
was 40.1 mm and total lengths averaged 77.0 mm.

SIZE AT SEXUAL MATURITY

With the exception of the juveniles mentioned above and scattered
individuals taken under special circumstances, all 4. m. croceum were
taken in the breeding ponds or during migration. All of the adults
associated with the breeding ponds showed obvious external signs
of sexual maturity, and for many the breeding condition was con-
firmed by examination of the gonads. Reproducing males ranged
from 46.5 to 64.0 mm in snout-vent length; females from 51.8 to
63.0. It is best to consider 50 mm as adult size in this subspecies
since few sexually mature A. m. croceum are under 50 mm SV (Table
11) and since some individuals reach 49 mm during their first year
of life (Table 10) but are sexually immature. For example, juveniles
from Ellicott, taken in January 1959, were almost one year old but
the gonads were still immature; they would almost certainly breed
the following year — their second year of life. Additional informa-
tion confirming the attainment of sexual maturity in the second year
of life was obtained from the recapture of marked animals at Valencia
Lagoon. Approximately 100 juveniles were marked during 1956
and 1957, and only two later recaptured. Both had been marked on
19 September 1956, part of the group mentioned above. Number
23, a male, had a snout-vent length of 44.0 mm on that date and
was recaptured on 24 January 1958 when it measured 55.2 mm.

TaBLE 10.—Growth of juvenile 4. m. croceum at the Ellicott
study area following metamorphosis in June, 1958

Mean length (mm)

Sample Snout-
Date size Total vent Tail  Tail/Total
20 June 2 91.8 46.2 43.0 46.8
28 June 7 90.6 45.9 42.1 46.4
5 July 6 91.4 45.6 42.6 46.6
20 July 6 91.1 43.6 44.6 49.1
2 Aug. 8 92.6 45.6 44.2 47.7
29 Aug. 12 91.2 44.6 43.6 48.6
13 Sept. 11 77.4 47.3 47.0 48.1
14 Oct. 10 102.0 49.4 49.8 48.8
15 Nov. 7 97.5 46.3 48.2 48.5
27 Dec. 6 95.7 49.0 45.2 47.5

10 Jan. 1959 6 95.4 49.4 440 ...
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TaBLE 11.—Percentage of breeding individuals in various size classes.
(Both males and females are included)

Valencia Lagoon, n= 137
Mosquito Lakes, n= 32

Snout-vent Length Valencia Lagoon Mosquito Lakes
(mm) (%) (%)
40-50 8.8 0.0
50-55 43.6 6.2
55-60 42.3 46.7
60-65 5.8 37.5
65-70 0.0 9.6

When recaptured, it was migrating to the pond and had the swollen
cloaca and enlarged tail typical of breeding males. The other, a
female, had increased from 36 to 53 mm in snout-vent length. It
was recaptured on 16 February 1958 and was gravid when taken.
Both had thus attained adult size and sexual maturity in their second
year of life, having hatched from eggs laid in February of 1956 and
metamorphosed in June of that year.

Growth is probably slower after the second year since the largest
male measured was 64.0 mm snout to vent, the largest female 63.2.
Of all the adults measured, these were the only two in excess of 60
mm. Table 11 gives the size distribution of adults at Valencia Lagoon.
The data, although fragmentary, indicate that, on the average, 4. m.
croceum attains a snout-vent length between 40-45 mm the first
year; 50-55 the second; and a maximum between 60-65 after the
second year. The first year is probably the most variable due to
extrinsic factors as indicated earlier.

Almost no comparable information is available for 4. m. sigillatum.
Some inferences can be made, however, based on size at meta-
morphosis and the size ranges of adults from Mosquito Lakes and
other areas of similar elevation. A series of 32 breeding adults from
the Mosquito Lakes ponds, all taken during the breeding season of
1958, provide some information on size at sexual maturity. Males
ranged from 53.8 to 64.9 mm and females from 55.5 to 68.9 mm
S-V. The size distribution of this sample is compared to that of
A. m. croceum in Table 11. None of the breeding adults examined
from other areas in the Sierra Nevada are less than 55 mm in snout-
vent length. Sexual maturity, thus, seems to come at a slightly larger
size in sigillatum. At high elevations in the Sierra Nevada, individuals
of A. m. sigillatum are still larvae in their second year of life, meta-
morphosing just before winter at body lengths of 39 to 46 mm (Table
7). Assuming that the terrestrial stages, like the larvae, grow very
little over the winter, it seems unlikely that they could reach the
minimum size for breeding, approximately 55 mm, by the following
spring. They probably breed for the first time a year later which
would be the end of their third year of life.
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Hapits AND HABITATS OF TERRESTRIAL STAGES

JUVENILES

The terrestrial habitats of 4. m. croceum are extremely dry at the
time of metamorphosis. As the ponds dry out the transforming larvae
become concentrated in the center of the pond area. The newly
metamorphosed animals are unable to disperse at Valencia Lagoon
because of the arid summer conditions. They concentrate under
debris, logs, and mats of dead vegetation on the former pond bottom
or in willow thickets near the pond. Immediately after the pond
dries up, almost any object in the area affords protection because the
substrate retains moisture for at least a week. Young salamanders
were found in numbers by rolling back mats of aquatic plants (mostly
Polygonum and Eleocharis). These shelters, however, are temporary,
since, by the middle or end of July, the former pond bottom is as
dry as the surrounding region. The juvenile A. m. croceum make
use of burrows as the habitat changes. It is not known whether they
make their own burrows, but there is evidence that they utilize mam-
mal burrows. Almost as soon as the water disappears other terrestrial
animals begin to invade the area. The first to exploit the new habitat,
as terrestrial plants move in, is Microtus californicus, followed soon
by Scapanus latimanus and Thomomys bottae. Within a few weeks,
the entire area is a network of runways and burrow systems of these
mammals, formed quickly enough to enable the salamanders to exploit
the burrow systems. Several 4. m. croceum were dug from mammal
burrows during the summer months, and others were observed emerg-
ing from burrows during the first autumn rains. Two other summer
retreats were located at Valencia Lagoon. Several 4. m. ¢roceum were
collected during the summer by digging out buried logs. One, for ex-
ample, was found at the very end of a willow branch, 1.2 m long
and 20 cm thick, that extended 0.5 m into the soil at an angle of 30°.
On this date, 28 August 1958, the surface soil was powder dry, but
water could be squeezed from the mixture of soil and rotting wood
where the salamander was located. Numerous juveniles were found
deep in a tule thicket during July and August. Near the center of
the thicket, the salamanders were dug from the moist depths (25-30
cm) of mats of dead stalks. Microhabitats like this probably afford
optimal temperature and moisture conditions throughout the dry
season.

At Ellicott Pond, an extensive willow grove located right at the
edge of the pond provided habitat for adults and juveniles. The
canopy provided shade most of the day, and the high water table
allowed high moisture content of the soil under the abundant logs,
branches, stumps, etc. This permitted the newly transformed sala-
manders to disperse immediately upon leaving the water; none was
found in the old pond bottom after it had drained. In addition, the
soil in the willow grove was honeycombed with burrows of Scapanus
latimanus that were extensively used by A. m. croceum (Anderson,
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1964). Juveniles were taken in this thicket almost every month in
1958 when the area was studied most intensively.

The behavior of the salamanders changed as the soil became
progressively drier. Until the latter part of August usually only one
or two could be found under larger logs resting on the surface. After
this time, however, they had to be dug from partly buried logs or
from the burrows of Scapanus. They tended to form aggregations,
individual animals being rarely collected. Throughout September,
groups of three to nine were regularly taken by digging or breaking
open rotted logs. In every case the animals were in bodily contact.
One group of nine, found in the center of a rotted log, was so tightly
entwined that it could be handled like a ball. A similarly entwined
group was taken from under a log buried 15 cm under the soil. The
physiological significance of such aggregations will be discussed in
another report. The only amphibian found in contact with 4. m.
croceum was Hyla regilla, although Batrachoseps attenuatus and An-
etdes lugubris were found in similar places in the vicinity. With the
onset of winter rains, aggregations were no longer typical and the
juveniles became more active.

The onset of winter rains elicited quite a different response from
juveniles at Valencia Lagoon. The terrestrial habitat is the oak
woods on the hillside south of the breeding pond but separated from
it by Bonita Road and an open grassy area dotted with Baccharis
pilularis. Forty-five to 90 m of this open, dry habitat separates the
transforming salamanders from the oak woods, apparently forming
an effective barrier to dispersal all through the dry season. When
the winter rains begin, the juvenile 4. m. croceum disperse to the
woods. The response may be immediate and spectacular, depending
on the nature of the early rains. In 1956, for example, only a trace
of rain had fallen in Santa Cruz Co. from June to 19 September,
when 0.28 inches were recorded. The rain was light in the afternoon,
heavier just after dark and sporadic later that night. Beginning at
dusk, the road between the pond area and the oak woods was sur-
veved continually. Juvenile 4. m. c¢roceum began crossing this sandy
strip about one hour after dark, moving from the pond area to the
woods. Approximately 90 were counted between 8:30 and 11:30 pMm
and new individuals were continuing to appear when observations
were terminated at midnight. Most observations were made on a
35-m stretch of road directly opposite the center of the former pond
area. All but two of the salamanders were moving in a straight line
from the pond to the woods, seemingly taking the shortest route to
the terrestrial habitat. Temperatures near the ground ranged between
13.0 and 15.2 C. The following day there was no rain, but the ground
was moist and, after dark, the relative humidity, measured with a
sling psychrometer, was 98%. In four hours of observation that night,
only two A. m. croceum, both juveniles, moving to the woods, were
observed. On 6 October, a trace of rain fell after dark and 10
juveniles were observed. Seventeen were noted on 30 October when



350 THE AMERICAN MIDLAND NATURALIST 77(2)

rainfall after dark was slightly heavier. In numerous subsequent trips
only a few juveniles were observed, the main emigration having co-
incided with the first rains of the season. By the time adults began
their breeding migration, the juveniles had already passed into the
terrestrial habitat. In other years (1957-1959) observations were less
complete, but essentially the same pattern was observed. On a few
occasions when the first rains came late in the season, juveniles were
seen moving to the woods while adults crossed the road moving to
the breeding pond. After reaching the terrestrial habitat the young
establish themselves and move little. They were seldom encountered
on the surface at night after the emigration.

No comparable information was obtained for 4. m. sigillatum at
Mosquito Lakes, but at Big Meadow newly metamorphosed animals
were found in great numbers. Immediately after transformation when
the pond had dried, the tiny juveniles were observed under almost
any piece of cover from large logs to bits of bark a few square inches
in size. Almost all the animals were found within the depression
marking the old pond area. For the first few weeks after meta-
morphosis they were found singly or in groups of up to 10 animals.
At this time, with abundant soil moisture, they were seldom in con-
tact and never entwined. Later in the summer, when conditions
became drier, large aggregations ranging from 15 to 43 individuals
were observed, frequently so entwined as to form a ball. Although
many juvenile 4. m. sigillatum may spend the summer this way, some
dispersal probably occurs during the summer. The summer thunder
showers in the Sierra probably facilitate dispersal of juveniles.

ADULTS

Adults of both subspecies can be collected easily only during the
breeding season, being underground most of the year. A few adults
of A. m. croceum were found up to 6 weeks after the breeding season
in habitats like those occupied by juveniles during the summer.
Adult 4. m. sigillatum were found only when breeding in the ponds.

The breeding migration of A. m. croceum was observed by the
same methods as described for the emigration of juveniles. The areas
were frequently visited at various times of day and night and under
a variety of climatic conditions. Breeding migrations took place on
rainy nights only.

Adults require heavy rainfall before emerging and moving to
the breeding ponds (a light rain will stimulate emigration of juveniles).
In four years of observation adults did not migrate until the total
seasonal rainfall had exceeded 4.2 inches. In the two vears when it
was certain that the first movements were being observed, heavy rains
(1.8 and 2.5 inches) fell on the day and during the night of the initial
migration. Once migration had begun, such heavy rains were not
essential although the time of day it rains is of great consequence.
For example, after the main migration in late January 1957, 1.24
inches fell during the day of 21 February, stopping just before dark.
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No salamanders moved that night although the ground was soaked
and the relative humidity was 98%. On the following night when only
0.24 inches fell between dusk and midnight, 22 4. m. croceum mi-
grated. Temperature conditions were virtually identical on both
nights. Similar observations were made throughout the study. Table
12 summarizes the pertinent observations on the breeding migration
of A. m. croceum. Only those nights when three or more individuals
were seen are included. The numbers recorded naturally reflect only
the magnitude of movement since only a portion (approximately
135 m) of the road was patrolled. The data clearly indicate the great
range of time over which migration occurs. Heavy, soaking rain,
sufficient to affect the animals in their summer retreats, and to pro-
duce runoff, is necessary to trigger the migration, and continued rain,
falling at night, is required to sustain the migration. The erratic
nature of the rains, especially early in the season, results in the vari-
ability in time of migration each year and the span of time within
a season when animals migrate.

Heavy rainfall early in the season may result in salamanders
reaching the pond area long before sufficient water has accumulated
for breeding. In 1957, stimulated by unusually heavy, early rain,
adults moved to the pond area in October and November, but the
pond did not form until mid-January. In these circumstances, sala-
manders must seek shelter at or near the pond area during the
interim, since in frequent patrols of the area none were seen moving
back to the oak woods until after eggs had been deposited.

Both sexes respond to the rainfall at the same time, but the
cumbersome, gravid females move more slowly than the males and

TaBLE 12.—Observations on the breeding migration of Ambystoma
macrodactylum croceum. (Only those nights when three or more
salamanders were observed are included.)

Precipi- Tempera-

Date Time '(PST) tation2 tureP Males Females
(inches) (° Q)

2 Dec. 1954 9:15-11:30 1.28 12-14 12 1
25 Jan. 1957 6:00- 9:30 0.04 6.0-6.6 3 10
22 Feb. 1957 6:45-11:30 0.24 12-14 12 10
13 Oct. 1957¢ 6:00- 8:30 2.49 14-15 4 1
18 Nov. 1957 6:00-10:45 0.22 11-13 26 00
15 Dec. 1957 7:00-11:15 1.52 13-14 11 8
23 Jan. 1958 11:15- 1:45 3.70 8.0-8.6 00 3
5 Jan. 1959 5:00-10:35 1.00 8.6-9.6 15 2

a Precipitation is the total for the 24-hour period as recorded by the
weather bureau at Santa Cruz, Santa Cruz Co.

b Temperatures are air temperatures recorded % inch above ground where
salamanders were collected.

¢ Animals observed on 13 Oct. 1957 were in the oak woods and not on
Bonita Road. Remainder recorded as they crossed Bonita Road by Valencia
Lagoon, Rio del Mar, Santa Cruz Co.
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appear at the pond slightly later. On 18 November 1957 when only
males were observed crossing Bonita Road, observations in the oak
woods some distance from the road, revealed that females were mov-
ing toward the pond. On 22 February 1957 and 15 December 1957,
almost all the males had been observed before females began to cross
the road. Table 12 also shows a predominance of males migrating
from October through January, but females predominate later in
the season. Since most of the migration takes place before the pond
has filled, the differential migration of the sexes does not affect their
equal representation at the pond when there is sufficient water for
breeding.

Few observations were made on the return from the breeding
pond. Since no mass emigration was observed, postbreeding dispersal
appears more gradual than migration to the ponds. Rain at night
is also required for the return trip. One male marked as it migrated
to the pond was recaptured 15 days later as it returned to the woods.
It was recaptured less than 9 m from the original point of capture.
A. m. croceum clearly differs from other Ambystoma that have been
studied with respect to breeding migration. The only important factor
affecting c¢rocewm is rainfall. The other species are affected by
temperature and possibly interaction between temperature and mois-
ture (Blanchard, 1930; Baldauf, 1952; Peckham and Dineen, 1955).
The few species that have been studied are from the eastern U. S. and
breed in early spring.

The breeding migration of 4. m. sigillatum was not observed, but
at Mosquito Lakes adults were found soon after their arrival at the
ponds and before most of the eggs had been laid. The stimuli for
migration and the conditions under which it occurs are clearly dif-
ferent than in 4. m. croceum. As indicated earlier, the ponds were
partly covered with ice and surrounded by snow as 4. m. sigillatum
reproduced. At best, only 1.5-2.0 m of bare ground was present near
the water, and in some places drifts over 2 m deep were present at
the edge of the pond. Rising temperatures producing a partial thaw
seem the most probable stimulus to the breeding migration. Moisture
is provided by water from the melting snow. It is very possible that
A. m. sigillatum migrates to the ponds under the snow.

Concerning the nonbreeding habitat of 4. m. sigillatum, little
information can be added to that provided by Stebbins (1951). Adults
are extremely difficult to collect when not at the ponds. They ap-
parently spend most of the year underground or inside large, rotting
logs. To collect large series for experimental or systematics studies,
it 1s essential to visit known breeding areas as soon as the ice begins
to clear from the ponds.

CONCLUSIONS
The populations of Ambystoma macrodactylum that were studied
live in drastically different climatic zones: coastal, Mediterranean
for A. m. croceum; moderate subpolar (Képpen classification) for
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sigillatum. They are southern terminal forms apparently derived from
ancestral populations in the Crater Lake region of southern Oregon
(Russell and Anderson, 1956; Ferguson, 1961). The Sierran popula-
tions of A. m. sigillatum are probably continuous whereas croceum
is disjunct from northern populations. The major features of the
life history of each are adaptive to the prevailing climatic regime.
Important differences are apparent in the timing of events in the life
history. Different environmental stimuli trigger these events, and
there are different adaptations to conditions prevailing during breed-
ing, development and metamorphosis. The result is different activity
patterns for these peripheral populations.

Demes within each area show minor differences depending upon
prevailing conditions in a particular pond or type of pond. Such dif-
ferences are most pronounced in the Sierra where altitudinal changes
over short distances mean distinct environmental changes. These
changes are sufficient, for example, to prevent the species from
utilizing small temporary ponds at high elevations whereas such ponds
are regularly used at midelevations. Moreover, a single-season larval
period is characteristic of midelevations whereas a two-season period
seems typical of higher elevations.

Although life history of the species has not been studied in detail
elsewhere, the breeding pattern seems variable throughout the species
range and correlated with the prevailing climatic regime as in the
present study (see Ferguson, 1961, for a review of life history for the
entire species). As indicated, both 4. m. croceum and the Sierran
sigillatum are probably derived from ancestral populations in the
Crater Lake region, ¢roceum having diverged sufficiently in isolation
to be recognized as a distinct subspecies whereas sigillatum grades
clinally from the Crater Lake area into the Sierra. The life history
in the Crater Lake region, although variable, (Kezer and Farner,
1955) is basically of the same type reported herein for Sierran popula-
tions, and very different from that of 4. m. croceum. It is highly
probable that some Pleistocene pluvial permitted the maximal south-
ward penetration of coastal populations and that with subsequent in-
creasing aridity these populations became isolated pockets following
withdrawal and extinction. One of these has survived as A. m.
croceum, now adapted to a climatic situation different from that of
any other populations of the species. Released {rom genetic influence
from the north, croceum has diverged most strongly in life history.
Whereas A. m. croceum might have remained throughout the
Pleistocene, the Sierran populations were probably restricted to the
north during the glaciation of the Sierra, and reestablished the present
distribution subsequent to the last glacial maximum. Although the
coastal populations may have been in situ for a longer period, adapta-
tions to increasing aridity may be fairly recent (post-Pleistocene).
The ancestral A. m. ¢roceum population, endowed with the plasticity
characteristic of the species, has adapted to a different habitat and a
different climatic regime through modifications of behavior and life
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history. Physiological adaptations are also apparent (Anderson, 1960)
and will be reported subsequently. This is a good example of a
peripherally isolated population assuming a way of life and evolving
adaptations different from those of the main species populations in
which gene flow exerts a conservative influence.
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