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Two kinds of amphibian occur on the UCSC campus: salamanders (technically
called the Caudata) and frogs (Anura). Salamanders have a long tail and four legs
sprawled out to the side. In contrast, frogs are tail-less with short, stout bodies and
clongated hind limbs specialized for jumping — all frogs, for example, have an
extra segment added to their hind leg that improves jumping performance and is,
evolutionarily-speaking, developed from elongated ankle bones (the astraglus and
calcanium). In this chapter I'll tell you about some of the best places on campus to
find amphibians, describe the species you will encounter, and discuss their natural
history.

Santa Cruz Black Salamander (Aneides niger)

OUR JOURNEY BEGINS in the steep-sided, redwood-filled ravine adjacent to the
Earth and Marine Sciences building (Figure 7-1, location 2). At the bottom of
the ravine, nearly underneath the footbridge, are the remnants of an old marble
quarry. Carefully roll the larger rocks and look underneath. You may have to flip
several stones, but eventually you will find a UCSC treasure, the Santa Cruz black
salamander (Figure 7-3). This salamander is endemic to the Santa Cruz Mountains,
meaning it is found here and nowhere else. Adults of this species are jet black over
their entire body, so the common name of “black salamander” is a good one. The
species name niger also means “black.” Occasional adults, however, have a few tiny
white spots on their backs (Lynch 1981). Adults average about 6—7 cm (2.4—2.8 in)

Figure 7-3: Black salamander (Ancides niger), a rare amphibian on campus
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SVL. On campus, black salamanders are found in the quarries and among piles of
rocks at the base of cliffs. In the Santa Cruz Mountains in general, black salaman-
ders are also found under rocks on the edge of streams, along wet road cuts, and
under logs and other objects.

In addition to their coloration (or, strictly speaking, their lack of color), black
salamanders have large, strong jaw muscles that give their heads a distinctive trian-
gular shape. Males have larger jaw muscles than females, and with some practice
this trait can be used to tell the sexes apart. Enlarged jaw musculature allows the
black salamander to feed on larger prey, but amplifies the cost of aggression among
individuals of the same species (Staub 1993). Salamanders may seem unusually
peaceful, but acts of aggression, such as when a salamander defends his territory
against an intruder, are not uncommon. Black salamanders commonly bear semi-
circular scars on the body or the top of the head that were inflicted during disputes
with rivals. One behavior that has been observed is the “bite-hold,” a dramatic
maneuver in which the aggressor pins its opponent using the tail and body for
leverage, and then holds on with a protracted, powerful bite. You can feel the teeth
in the upper jaw of a black salamander by running your finger along the base of the
upper lip. Don’t fret about getting bitten — bites to humans are uncommon, and the
jaws, while large for a salamander, are no match for your relatively massive hand.

Next examine the underside of the salamander’s chin, where in sexually mature
males you will find a heart-shaped organ called the mental gland. This gland
releases pheromones that function as an aphrodisiac. Males use these pheromones
during courtship rituals to arouse the female’s interest in mating (see the yellow-
eyed ensatina account for more salamander mating details). Black salamanders are
completely terrestrial, and breed and lay eggs on land. Mating takes place during
the winter months, and eggs are laid in the late spring or early summer in cavities
up to a meter (3 ft) below ground. Females lay about a dozen eggs, each approxi-
mately 6 mm (0.12 in) in diameter and solid white, which they hang from the
ceiling of the cavity by gelatinous stalks. Females then attend the eggs until they
hatch in the late summer or early fall. Juveniles that hatch from the eggs often have
a frosting of brassy color on their backs, small white spots, and small yellow patches
where the limbs attach to the torso. These colors fade to black as the juveniles grow
and mature. Three or four years of growth are required to reach sexual maturity.

Species belonging to the genus Aneides are collectively known as the “climb-
ing salamanders,” although black salamanders are not particularly good climbers
compared to other species in the genus. Black salamanders probably evolved from
a climbing ancestor, however. To demonstrate this for yourself, take an adult black
salamander and let it hang from your finger by its tail, which it will do readily.
‘When a tail has the ability to grasp objects it is called prehensile, and in salamanders
prehensile tails are typically an adaptation for climbing.

Climbing salamanders are members of the family Plethodontidae. Members of
this family are called “lungless salamanders,” and it is true — they have no lungs!
Instead, plethodontids respire across their moist, highly vascularized skin, which
includes the outside of the body as well as the inside of the mouth. Take another
look at your black salamander, and you will likely see that the throat region is flut-
tering up and down. This fluttering motion pumps air across the gas-permeable
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surfaces of the mouth, facilitating respiration (the exchange of oxygen and carbon
dioxide). While foregoing lungs may seem like a bad evolutionary strategy, roughly
376 of the 555 (68 %) salamander species in the world are lungless, a testament to the
success of this design.

The geographic range of the black salamander was once thought to be divided
into two parts. What was considered to be the northern subspecies, the speckled
black salamander (formerly A. f. flavipunctatus, now A. flavipunctatus), occupies
the coastal mountains from southern Oregon to roughly 70 km (44 mi) north of
San Francisco Bay. It is highly variable in coloration, with white or cream-colored
spots on a black to frosted-olive background — the color pattern you find depends
on where you are. The Santa Cruz black salamander, on the other hand, is mostly
black and is restricted to the Santa Cruz Mountains. In fact, the Santa Cruz black
salamander is sufficiently distinct in coloration, ecology, and genetics that it has
recently been recognized as a distinct species (Rissler and Apodaca 2008).

That UCSC is home to a newly described species of salamander is quite exciting,.
Unfortunately, although once common in the Santa Cruz Mountains, the Santa
Cruz black salamander has lately become an uncommon find. In fact, Robert C.
Stebbins, in his authoritative Peterson Field Guide to Western Reptiles and Amphibians
(2003; an invaluable resource for any herpetologist), lists the Santa Cruz black
salamander as having severely declined throughout its range. The reasons for the
decline are not clear. Populations of the Santa Cruz black salamander have main-
tained a toe-hold on the UCSC campus, however, and thus their status should
be carefully monitored. What a tragedy it would be if this distinctive salamander
blinked out of existence only a hundred meters or so from the Environmental
Studies Department and the Department of Ecology and Evolutionary Biology.

Arboreal Salamander (Aneides lugubries)

OTHER SALAMANDER SPECIES CAN BE FOUND in this redwood ravine, includ-
ing other plethodontids, but for now we are hunting climbing salamanders. From
the quarry, hike north past the North Remote parking lot and up the fire roads to
Lower Marshall Field, the oak-rimmed meadow adjacent to Twin Gates (Figure
7-1, location 1). Head towards the biggest, most gnarled oaks you can find, and
search under the logs and fallen oak branches on the ground. If you are lucky you
will find an arboreal salamander. This species has a brown to light brown back
with yellow or cream-colored spots, and a belly that is pale or whitish. Juveniles
have an infusion of gray or brassy coloration on a dark background.

Arboreal salamanders have an imposing look. Their head muscles (especially in
males) are even more enlarged than those of the black salamander, and their teeth
can easily be felt protruding from the upper lip. Arboreal salamanders are more
likely than black salamanders to bite, so be forewarned — a bite from a large arbo-
real salamander can break the skin and cause bleeding. Bites are not at all common,
however, especially if you treat the salamander with respect. (If you spend enough
time herping, you’ll eventually get bitten by something feisty, but herpetologists
typically display such wounds with pride!)

As the common name implies, the arboreal salamander is a true climbing
salamander, and can be found in trees, especially oaks, as well as on the ground.
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Compared to the black salamander, the legs and toes of the arboreal salamander are
longer, and the toe tips are slightly enlarged and squared off (black salamander toe
tips are more rounded). Square toes aid in climbing, like the toe pads of a Pacific
chorus frog (described below). In addition, the tail is prehensile, and individuals
will commonly coil their tails when at rest.

The tree-loving nature of the arboreal salamander became apparent in the early
1900s, when workers on the UC Berkeley campus were given the task of cleaning
out the rotten parts of oak trees. To their surprise, they found large numbers of
arboreal salamanders holed up in the cavities. One hollow harbored 35 individu-
als, and several others contained eggs that hung from the ceiling “like clusters of
grapes” (Stebbins 1960). In the arboreal salamander, eggs develop for 3—4 months
and hatch in the early fall before the first rains. As is typical of lungless salaman-
ders, females attend the eggs until they hatch to keep them moist, defending them
against potential predators (including members of the same species), and possibly
adding anti-fungal and anti-bacterial agents that prevent the eggs from rotting. Once
hatched, arboreal salamanders take about three years to reach sexual maturity.

Arboreal salamanders can be common, especially in healthy oak woodlands,
but they are not particularly abundant at UCSC. One management practice that
may limit their abundance is the relentless trimming of the rotten parts oft old
trees. Although motivated by legitimate safety concerns, this action compromises
the favored habitat of the arboreal salamander.

Yellow-eyed Ensatina (Ensatina eschscholtzii xanthoptica)

FROM MARSHALL FIELD, HIKE SOUTH to the large ravine along Empire Grade
called Cave Gulch (Figure 7-1, location 4). This region of campus is classic redwood
forest, with green moss mats, clusters of sword ferns, and clover-like redwood sorrel
spread across the forest floor. Find a fallen branch or log and look under it. The best
logs cover dark, soft soil that is moist but not saturated, and is stocked with worms,
mites, beetles, springtails, and other salamander food. If you roll a log and find an
intact forest floor underneath, the log has not been in place long enough to be ideal
salamander habitat, and if the log falls apart when you turn it, it’s too rotten. These
are not hard rules (there are always exceptions), but learning to identify a quality
log at a glance will increase your herping success.

If the conditions are right, you will find a salamander in short order. If it has
a constriction where the base of the tail attaches to the torso, it is a yellow-eyed
ensatina (Figure 7-4). Yellowed-eyed ensatinas have brown backs and orange
bellies (or at least orange splotches on a pale belly), and, as the common name
implies, they also have patches of yellow color in their eyes, especially above the
pupil. Juveniles are the same color as adults, only smaller. Adults are roughly s—6
cm (about 2—2.5 in) SVL, and the sexes can be distinguished by the size and shape
of the tail. In males, the tail is a bit longer than the rest of the body and fairly thin,
tapering to a point at the tip; in females, the tail is about the length of the torso and
relatively stocky. The yellow-eyed ensatina is one of the most abundant salaman-
ders on campus, and can be found in all the wooded habitats — in fact, if you've
been searching for climbing salamanders you may have already discovered one.
Yellow-eyed ensatinas are particularly dense in Cave Gulch, however.
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Figure 7-4: Yellow-eyed ensatina (Ensatina eschscholtzii xanthoptica) in a defensive posture.
Notice the swollen tissue around the nasolabial grooves between the lips and nostrils,
which indicates that this male is in breeding condition.

Like climbing salamanders, the yellow-eyed ensatina is a lungless salamander
(family Plethodontidae). To identify a salamander as a plethodontid, look for
hairline furrows called nasolabial grooves running from the upper lip to the nostril
openings (Figure 7-4). Plethodontids tap their snouts on the ground frequently.
In so doing, liquids are drawn up the nasolabial groove by capillary action, and
chemical signals are delivered to the vomeronasal organ in the snout. The vomeronasal
organ functions in smell, and is very sensitive. Indeed, salamanders live in a rich
olfactory world that we can hardly imagine. The nasolabial groove is most easily
seen in male yellow-eyed ensatinas, which develop a swollen upper lip during the
breeding season that accentuates the visibility of the furrow. To get a good view of
the nasolabial groove in any species of lungless salamander (or to see if the groove
is present when trying to determine the identity of some mystery salamander),
try looking through the “wrong” end of your binoculars—in this orientation,
binoculars function like a magnifying glass.

In yellow-eyed ensatinas, the swollen snout tissue around the nasolabial grooves
contains glands that function in courtship and reproduction. Courtship in yellow-
eyed ensatinas (and the other lungless salamanders found on campus) takes place at
night, and begins when the male ensatina approaches a female and rubs his snout
over her neck and face. This presumably transfers pheromones from the male to the
female. If the female approves of the male, they next engage in a ritualized dance
called the “tail-straddling walk.” This walk can last several hours, and involves the
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female closely following the male with her chin over his pelvis and his tail under-
neath her torso. Finally, the male deposits a spermatophore, or a packet of sperm
perched atop a gelatinous pedicel, on the ground. The female then picks up the
spermatophore with the lips of her vent, the single opening leading to the genital,
digestive, and urinary systems (Figure 7-2). Yellow-eyed salamanders, therefore,
have internal fertilization without intercourse, which may seem unnecessarily
chaste by human standards. In fact, all the salamanders on campus transfer sperm
this way, though the courtship details differ amongst species. After a female picks
up a spermataphore, she stores the sperm in chambers called spermathecae until she
needs them to fertilize her eggs, which are laid in the late spring.

Life is dangerous with predators such as scrub jays, raccoons, and ring-
necked snakes prowling about, and yellow-eyed ensatinas have evolved a number
of adaptations for deterring predators. When you first encounter ensatinas, they
usually freeze, because immobility is one of the best ways to avoid detection.
When threatened, however, a yellow-eyed ensatina readily assumes a defensive
posture: it raises its body up and stands on its toes, bends its back so the belly is
forced downward, and arches its tail prominently behind it (Figure 7-4). The tail is
packed with granular glands (also called poison glands) that produce a milky-looking,
astringent secretion. If the yellow-eyed ensatina you are observing becomes upset
and assumes a defensive posture, try touching the tail. The ensatina is very likely
to slap you with it just as you touch it, smearing secretions onto your hand. These
secretions are exceedingly sticky and nearly impossible to wash off, but as long as
you keep the secretions out of your eyes and mouth they won’t hurt you.

In dire circumstances, such as an encounter with a dangerous predator, many
salamanders will abandon their tails altogether, a behavior called tail autotomy. In
the yellow-eyed ensatina, the tail breaks off at the constriction where the base of
the tail attaches to the body. Autotomized tails thrash about wildly for up to 15
minutes, attracting the attention of the predator and (with luck) providing the rest
of the salamander an opportunity for a stealthy escape. For some predators, such
as the common garter snake (Thamnophis sirtalis), the sticky secretions exuded by
an ensatina tail may constitute a mechanical defense — after all, it’s difficult to eat
a salamander if its tail is glued into one’s mouth! While tail autotomy may save
a salamander’s life, it comes at a substantial cost: the tail is an important storage
organ for fats and proteins, and is also used for walking, running, and courtship. It
takes up to two years to regenerate a lost tail (yellow-eyed ensatina live up to about
15 years). Thankfully, a yellow-eyed salamander virtually never drops its tail when
being handled by humans.

Yellow-eyed ensatinas also rely on their color pattern to deter predators.
Remember, these salamanders have a brown back, orange belly, and yellow patches
in the eyes. Rough-skinned newts (described below) share this pattern of color-
ation, but newts are extremely toxic to most predators. When a palatable species
evolves to resemble a toxic or dangerous species, this is called Bdtesian mimicry.
There is evidence to suggest that the yellow-eyed ensatina is a Batesian mimic
of newts (Kuchta et al. 2008, Kuchta 2005). Professor Barry Sinervo of UCSC’s
Ecology and Evolutionary Biology Department and I are probing this question
further by conducting experiments on campus (stay tuned!).
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The yellow-eyed ensatina (E. e. xanthoptica) is a subspecies of the species E.
eschscholtzii, which is simply called the ensatina. Ensatina salamanders are a classic
study in evolutionary biology because details of their distribution, as well as
reproductive interactions among subspecies, illustrate speciation processes, or the
mechanisms by which one species fragments into two or more species. The story
is complex, but fascinating, and interested readers are encouraged to look up Wake
(2000) for a superb review of speciation studies in ensatinas.

Slender Salamanders (Batrachoseps attenuatus and B. gavilanensis)

CAVE GULCH IS AN EXCELLENT PLACE to find two more plethodontid denizens
of campus, slender salamanders in the genus Batrachoseps. The slender salaman-
ders are a California-wide radiation of cryptic species, or species that look extremely
similar to each other. Slender salamanders are quite common, and in fact may be
the first salamanders you find on campus. At first glance, these salamanders look
like they have nearly evolved into a worm: they are very elongate, with diminutive
limbs, tiny toes, and a tail that is much longer than the body. The body is dull grey,
with a stripe on the back that varies in color from brownish-grey to coppery-tan.
Squint (or look through the wrong end of your binoculars) and count the toes
— there are four toes on both the front and hind limbs. All other salamanders at
UCSC have five toes on their hind limbs (but still only four in front — did you ever
notice that?).

The skinny, elongated shape of slender salamanders is an adaptation for a semi-
fossorial lifestyle, meaning that slender salamanders spend a considerable amount
of time underground. They don’t burrow, however, but rather take advantage of
rotted-out root channels and the burrows that other animals create. They are more
likely to be found in rotting wood than any other salamander on campus. In these
hidden places slender salamanders prey upon springtails, mites, tiny centipedes,
and other small invertebrates. All of the salamanders on campus feed by firing
their tongue out of their mouth, sticking it to prey, and pulling the prey into their
mouth. The slender salamanders on campus may have tiny heads, but their tongues
are particularly long, accurate, and fast —a slender salamander can fire its tongue
and stick it to a prey item in only a fraction of a second: to the human eye, there isa
flicker and the prey is suddenly in the slender salamander’s mouth, as if by magic.

Most field guides, including the first edition of this natural history guide, iden-
tified the California slender salamander (B. atfenuatus) as the species inhabiting
the Santa Cruz area. With the help of genetic techniques, however, several new
species of slender salamanders have recently been identified. One of these, the
Gabilan Mountains slender salamander (B. gavilanensis), is also found in the Santa
Cruz area (Jockusch et al. 2001). Unfortunately, the Gabilan Mountains slender
salamander and the California slender salamander cannot easily be distinguished
without looking at their DNA (that is why we call them cryptic species, after all),
and ecological differences, if any, are unknown. Consequently, the details of their
distributions are not entirely clear. It is clear, however, that the two species can
coexist without interbreeding. One place where both species can be found is near
the junction of Highway 9 and Highway 1, just a couple of miles from campus.
Consequently, both species may also be present at UCSC.
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Despite the extreme similarity of the Gabilan Mountains slender salamander
and the California slender salamander, they are not closely related — in fact, they
evolved hundreds of miles from one another. The California slender salamander
originated north of the San Francisco Bay area and spread south, while the Gabilan
Mountains slender salamander originated far to the south on a paleoterrane known
as the Salinia terrane (see Chapter 2, Geology). Thirty million years ago, the Salinia
terrane was located 160 km (about 100 mi) to the southeast off the coast of present-
day California. Since then, pieces of the terrane have slowly moved north due
to movement of tectonic plates, carrying Gabilan Mountains slender salamanders
with them (Wake 2006). Today, Santa Cruz lies at the northern end of the Gabilan
Mountains slender salamander’s range, and the southern end of the range of the
California slender salamander.

California Giant Salamander (Dicamptodon ensatus)

IF YOU HAVE FOUND ALL THE SALAMANDERS thus far described, you've seen
all the members of the family Plethodontidae that live on campus. The UCSC
campus also supports two salamander species belonging to other families. To find
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Figure 7-5: California giant salamander (Dicamptodon ensatus), aquatic larval stage (above)
and terrestrial adult stage (below). Paedomorphic salamanders look like large larvae,
but are capable of reproduction.
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our largest salamander species, head down to the creek at the bottom of Cave
Gulch, adjacent to Empire Grade, and peer into the pools. With some searching
you will find, resting on the rocky bottom, a larvae of the California giant salaman-
der, Dicamptodon ensatus (family Dicamptodontidae). That’s right — larvae! The
California giant salamander has a very different life history (mode of living) than
the lungless salamanders, because California giant salamanders have a complex life
cycle (Wilbur 1980) that includes both aquatic and terrestrial stages (Figure 7-5).

The cycle starts when females lay eggs in streams, placing them in nest cham-
bers under large objects such as rocks and logs. Eggs hatch into larvae, which have
gills and tail fins. The larvae feed and grow in the stream, but are not reproduc-
tive. When they are large enough (or when the water begins to dry up), the larvae
metamorphose, or reorganize their bodies, and turn into subadults. The act of meta-
morphosis includes resorbing gills and tail fins and making a number of internal
adjustments. Most California giant salamander larvae grow for about two years,
and metamorphose at around 11.5 cm (4.5 in) SVL. Subadults live on land, and after
another period of growth become reproductive adults. Adults then return to the
water to mate and lay eggs, and thereby start the life cycle all over again.

Larvae of the California giant salamander are not difficult to find, especially in
the summer months when the creek’s water is low and slow. Larvae are a plain light
brown color, with a short, light yellow stripe running from the back of the eye to
the shoulder, and a whitish belly. The tail fin is muscular, with a marbled brownish
pattern, and extends from the pelvis to the tip of the tail. The gills are short, bushy,
and dark purple, and the head is square when viewed from above. If you see a larval
salamander in a stream on campus, it is a California giant salamander.

Adults are quite different from larvae. Their back has a ground color of tan,
gray-brown, or reddish-brown overlaid with a lovely marbling of dark brown,
mocha, coppery, or golden blotches. In some individuals, the strikingly marbled
head contrasts with a uniformly brown torso; in others, the entire body is marbled.
The belly is whitish. Mature California giant salamanders are large and have a
chunky build — in fact, they are the heaviest terrestrial salamanders in the world,
and can grow up to 17 cm (6.7 in) SVL. They also have long, blade-like teeth and a
formidable bite (it’s best not to provoke them), allowing them to live higher in the
food web than other salamanders.

California giant salamanders are chiefly sit-and-wait predators, and can lunge
forward with surprising agility and gusto towards unsuspecting prey. Their diet
includes invertebrates, such as crickets, worms, and snails, as well as larger prey
such as Trowbridge’s shrew, aquatic garter snakes, and yellow-eyed ensatinas. (I
imagine the California giant salamander lurking under the cover oflogs and sword
ferns, striking fear into the local fauna of small vertebrates, rather like a UCSC
student stumbling across a hungry Tyrannosaurus rex!) Another food item is our
school mascot, the banana slug. This predatory spectacle involves a prolonged
battle between the salamander and copious loads of mucus. Sadly, claims by proud
UCSC students that banana slugs have “no known predator” are false.

Although California giant salamander larvae are common, adults are a chal-
lenge to find. They are known from Cave Gulch, the drainage north of Twin
Gates, and the Pogonip. The easiest way to find adults is by searching roads adja-
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cent to streams that run through redwood forest (such as along Empire Grade) on
rainy nights. If you see a salamander in the road, however, it is best to move it out
of harm’s way, as cars can have a terrible impact on amphibian populations.

In some cases, larvae of the California giant salamander can remain aquatic and
become reproductively mature while retaining their larval morphology, thus fore-
going metamorphosis. Such individuals are called paedomorphs, and in some situa-
tions entire populations are paedomorphic. Caves, which have eroded from the karst
terrain underlying UCSC (see Chapter 2, Geology), are the perfect setting for the
evolution of paedomorphosis, and in the pools that form in the lower portions of
Empire Cave one can sometimes find paedomorphic California giant salamanders.
This is a remarkable finding. How many of these salamanders are forging a frog-
lodytic (cave-dwelling) existence beneath our campus? Are the cave salamanders a
distinct, undescribed species? Barry Sinervo has initiated studies to address these
and other questions. Considering that the cave system is home to its own endemic
invertebrate species, such as the Empire Cave spider and the Empire Cave pseu-
doscorpion (see Chapter 6, Invertebrates), the possibility of a unique species of
Santa Cruz cave salamander is quite real.

Rough-skinned Newt (Taricha granulosa)

THERE IS ONE MORE SALAMANDER at UCSC, and it is a favorite of all who know
its charms. From Cave Gulch, hike south to the Arboretum. Behind the work
facilities, overgrown with black cottonwood trees and tangled blackberry thickets,
lies a pond where rough-skinned newts (family Salamandridae) mate and lay their
eggs (Figure 7-1, location 6). Like the California giant salamander, the rough-
skinned newt has larvae and breeds in water, but prefers ponds over streams. On
campus, breeding appears to be limited to the ponds around the Arboretum,
although a systematic search of semi-permanent water bodies would be useful.

The larvae of rough-skinned newts are small relative to the larvae of California
glant salamanders: a large one would be 7.5 cm (3 in) long and most are much
smaller. Rough-skinned newt larvae are translucent tan overlaid with a dense
stippling of black dots. Larger, light-colored spots are often found along the side
of the body. Because rough-skinned newts are adapted for quiet waters, the tail
fin extends from the shoulders to the tip of the tail, and the gills are long and
bushy. Compare this to the California giant salamander, whose larvae are adapted
to streams (Figure 7-5) — stream larvae have smaller gills because cold streams are
better oxygenated than ponds, and they have reduced tail fins because large tail
fins function like unruly sails in lowing water.

An adult rough-skinned newt has a brown back, a bright orange belly, and
eyes with vibrant yellow patches above and below the pupil (Figure 7-6). Sound
familiar? Rough-skinned newts are quite similar in appearance to yellow-eyed
ensatinas (Figure 7-4), or, rather, yellow-eyed ensatinas has evolved to look like
rough-skinned newts (see the yellow-eyed ensatina account, above). However,
rough-skinned newts are more robust and lack the constriction at the base of the
tail. In addition, as you might expect, the skin of terrestrial individuals is granular
or warty to the touch (whereas yellow-eyed ensatinas have smooth skin). Adults
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Figure 7-5: Rough-skinned newt (Taricha granulosa), terrestrial stage

are 6—7 cm (2.4—2.8 in) SVL. Rough-skinned newts can live for at least 12 years
and perhaps much longer than that.

Rough-skinned newts are migratory, and can travel surprisingly long distances
(perhaps a couple of kilometers, or over a mile) between their aquatic breeding
sites and the places where they feed and spend their summers. The campus migra-
tory routes used by rough-skinned newts have not been mapped, but adults have
been found wandering over the far reaches of campus, including Cave Gulch,
Moore Creek, Jordan Gulch, Marshall Fields, and the Great Meadow north of the
Arboretum.

That rough-skinned newts can be found wandering about in broad daylight
is one of the distinctive differences between newts and other salamanders. Most
salamanders are secretive, active at night, and rarely seen unless you search for
them. Rough-skinned newts, in contrast, are often out during the day, or during
crepuscular (dawn and dusk) hours, and can show a brazen disregard for the presence
of humans. Why are newts so fearless? The answer is in their skin. Rough-skinned
newts are loaded with a deadly neurotoxin called fetrodotoxin (TTX), the most
deadly non-protein substance known (incidentally, this is the same toxin found in
puffer fish). For instance, a single rough-skinned newt from Corvallis, Oregon is
toxic enough to kill up to 25,000 mice (Brodie et al. 1974), and humans have died
from eating rough-skinned newts (Bradley and Klika 1981). The toxicity of newts
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is the reason the yellow-eyed ensatina has evolved to mimic them, because preda-
tors that have experienced a rough-skinned newt (and survived) will have learned
a strong lesson to avoid orange-bellied, yellow-eyed salamanders (Kuchta et al.
2008, Kuchta 2005).

Not all newts are equal, however: some populations are exceedingly toxic,
while others lack TTX altogether. The rough-skinned newts at UCSC have not
been studied, but the available evidence suggests they are at least moderately toxic
(Charles Hanifin pers. comm.). What is the cause of the variation in toxicity, and
why are some individuals so toxic they could kill thousands of mice? Isn’t produc-
ing so much toxin a waste of resources? The answer involves a major predator of
the rough-skinned newt, the common garter snake, which is also found on campus
(see Chapter 8, Reptiles). This is how it works: the snake evolves a resistance to
TTX, allowing it to eat newts. This imposes natural selection favoring newts with
higher levels of toxicity, which imposes natural selection favoring common garter
snakes that are even more resistant . . . and on and on and on, in a coevolutionary arms
race analogous to the Cold War between the United States and the former Soviet
Union (Thompson 2005, Brodie and Brodie 1999).

There is a trade-off that checks the arms race between newts and garter snakes,
however. TTX acts by binding to sodium channels, which shuts down an organ-
ism’s nerves, causing rapid paralysis and death. Common garter snakes have gained
resistance to TTX by evolving a type of sodium channel to which TTX does not
bind well (Geffeney et al. 2002). This new sodium channel is less efficient than the
old one, however, and common garter snakes that are resistant to TTX are slower
sprinters than non-resistant snakes, even if they have never eaten a newt. This is
problematic because slow snakes are more likely to be captured and eaten by their
own predators.

If newts are so toxic, why aren’t there dead predators all over the place? One
reason is that newts warn predators of their toxicity before they are attacked (a
situation that benefits both the newt and the would-be predator) using a defen-
sive posture called an unken reflex. When threatened, a rough-skinned newt holds
its legs out straight, closes its eyes, and arches its head and tail over its back. This
posture displays the orange belly and serves as a warning signal. One can some-
times induce an unken reflex in a newt by tapping it on the back vigorously with
your finger, but be careful not injure the newt — sometimes no matter what you
do they just aren’t in the mood to display.

Another species of newt, the California newt (T. forosa), may also be present on
campus, though I've never found one here. Adult California newts are very similar
in appearance to rough-skinned newts, but there are a few subtle differences. One
way to distinguish them is to look straight down onto the top of the head: the eyes
of California newts are relatively large and extend beyond the outline of the jaw,
whereas rough-skinned newt eyes are smaller and do not break the jaw outline.
Also, in California newts the lower eyelid (not the space between the eye and
the upper jaw, but the actual eyelid) is usually orange, whereas in rough-skinned
newts the eyelid is often brown. Further, if you have long fingernails, very care-
fully pry open the mouth and look inside. If the teeth on the roof of the mouth
(the vomerine teeth) form a Y shape, you have a California newt, whereas if they
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form a V shape you have a rough-skinned newt. Finally, the unken reflex difters
between the species — rough-skinned newts curl their tail tip, while California
newts hold the tail straight over their head. These characters work much of the
time, but many individuals are truly intermediate, possessing a combination of
characters that preclude positive assignment to one species or another.

Given the similarly of the two species, how can we positively determine whether
California newts are present on campus? Fortunately, although the adults can look
alike, the eggs and larvae are quite distinct. Rough-skinned newts lay their eggs
one at a time, attaching them to blades of grass and other pond vegetation. You can
find rough-skinned newt eggs by sitting on the pond edge and carefully sorting
through the vegetation. In contrast, California newts lay about 15—20 eggs encased
in round, rubbery, gelatinous masses. These are attached to submerged vegetation,
usually in water less than 30 cm (12 in) deep, and are easy to spot just by peer-
ing into the pond. Finally, California newt larvae are tan with two black lines on
either side of the dorsal fin, whereas rough-skinned newt larvae have a stippling of
black dots over the surface of their body and lack the black lines. A survey of the
Arboretum ponds and other bodies of water on campus for newt eggs and larvae
would be a fine undergraduate research project.

Pacific Chorus Frog (Pseudacris regilla)

LET’S MOVE ALONG TO ANOTHER POND just north of the Arboretum. A tall fence
stands in the way, but there is a gate on the west end of the Arboretum one can
use to gain access. This pond has open, grassy banks and is a rough-skinned newt
breeding site. Another amphibian friend breeds in these waters too: the Pacific
chorus frog (family Hylidae). Many guides refer to this species as the Pacific tree-
frog (Hyla regilla), but recent studies indicate that this species is a chorus frog (genus
Pseudacris).

Pacific chorus frogs are the smallest frog found on campus: adults range from
2.5—s cm (1—2 in) long. Their coloration is highly variable. Most are green and
brown, but grey, tan, reddish, or bronze individuals can be found. In addition,
Pacific chorus frogs can darken or lighten their coloration in a few minutes, and
some can change color completely, from green to brown or vice versa, over the
course of a few days or weeks (Wente and Phillips 2003). There are usually a few
dark, elongate blotches on the back and a triangular or Y-shaped mark between
the eyes. An especially diagnostic feature is a dark stripe that runs from the snout
through the eye to the shoulder region, like a raccoon mask. The belly is creamy
white, but on males the throat is darkened and the skin is loose because the vocal
sac is stretched out by calling. Male Pacific chorus frogs make the classic krek-ek or
ribbit call. Movie fans know this call well; because Pacific chorus frogs are found in
southern California, this is the frog you hear in outdoor scenes in many movies no
matter where in the world the scene is supposed to be taking place.

The breeding aggregations of Pacific chorus frogs are quite a spectacle, and
visiting the Arboretum ponds during an intense January storm (remember, you are
waterproof!) is a thrill. The sound of hundreds or thousands of Pacific chorus frogs
engaged in a rowdy, cacophonous chorus can be deafening. Examine the surface
of the pond with a flashlight and you will see males spread out in an evenly spaced,
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decidedly non-random pattern. Males establish calling territories using special
vocalizations, and they defend these territories from other males. Sometimes, terri-
torial disputes escalate and fights break out: males will butt heads, kick with their
feet, and even jump on one another to resolve differences of opinion over space
ownership. Once territory boundaries are established, males float on the surface
with their legs splayed out and call fervently in hopes of attracting the attention of a
female. If he attracts a female, the male maneuvers onto her back and grasps her just
behind the front legs, a position called amplexus. From this position the male can
fertilize the eggs as the female lays them — that is, unlike the campus salamanders,
the Pacific chorus frogs have external fertilization.

Pacific chorus frogs can be found breeding in all sorts of still water, includ-
ing ponds and ditches. They do well in waters that dry up before the end of the
summer because drying limits the number of predators that can live there. Known
breeding sites on campus include the Arboretum, the cement pond near Thimann
labs, and the mud puddles along the dirt road that runs through Mima Meadow
(Figure 7-1, locations 3, 5, 7). The egg masses of Pacific chorus frogs usually contain
about 30 eggs, and females can lay 20 to 30 masses in a season. Egg masses are typi-
cally attached to vegetation, and have the consistency of snot (California newt egg
masses, in contrast, are rubbery).

Two to three weeks after the eggs are laid and fertilized, tiny larval frogs, or
tadpoles, hatch out. They are brown or olive colored and stippled with small black
specks. The belly is whitish with a coppery or bronze sheen. On campus, you can
identify the tadpole of a Pacific chorus frog by looking straight down onto the
top of the head: the eyes, which are located on the sides of the head, protrude past
the head outline. This is also true of the western toad, but toad tadpoles are solid
black.

Ecologically, a tadpole is a gut with a tail. Catch a tadpole by running a dip net
along the edge of the pond and look through the tadpole’s translucent belly: inside,
the intestines are coiled into a spiral, allowing the tadpole to squeeze a very long
digestive tract into a small space. Tadpoles eat algae, bacteria, diatoms, and detritus
(dead organic debris) by pumping water into the mouth, past a complex set of sieves
and filters, over their gills (which, unlike salamanders, are hidden behind a fold of
skin called the operculum), and out a hole (or spiracle) on the left side of the body.

After two to three months of growth, tadpoles metamorphose into froglets. Frog
metamorphosis is a more complex phenomenon than salamander metamorphosis
because the body is more thoroughly rearranged in the process: the tail resorbs, the
gut changes from a complex vegetarian gut to a straight carnivore gut, the skeleton
rearranges, and legs grow (the front legs are hidden behind the operculum until the
froglet is ready to leave the water). Metamorphosing frogs are particularly vulner-
able because they are neither a competent tadpole nor a capable frog — they make
easy-to-catch snacks for garter snakes and other predators. After metamorphosis, it
takes about two years for a Pacific chorus frog to reach sexual maturity.

Adult Pacific chorus frogs are great climbers and can ascend smooth, vertical
surfaces (such as glass) with ease. This ability is provided by their toe tips, which
are expanded into round pads and are an adaptation for climbing. Surface tension
between the toe pad and the substrate is generated by surface moisture as well
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as mucus excreted by cells in the toe pad. Adhesion is further facilitated by an
element in the toes called the intercalary cartilage, which improves flexibility and
affords an optimal angle of contact between the toe pad and the substrate.

Populations of the Pacific chorus frog appear to be healthy on campus and else-
where, unlike most other frog species in the West. In an era of massive popula-
tion declines and deeply depressing conservation concerns, especially regarding
amphibians (Lannoo 2005s), the jubilant wintertime choruses of the Pacific chorus
frogs offer a ray of hope that all is not lost.

California Red-legged Frog (Rana draytonii)

THE TALE OF THE CALIFORNIA RED-LEGGED FROG is not so happy. This species
is critically endangered, but fortunately it still can be found on the UCSC campus.
Adults are known to breed in Moore Creek north of the Arboretum, as well as in
the old reservoir into which Moore Creek feeds. The California red-legged frog
has a brown to dark brown back, occasionally with a reddish tinge added, and is
marked by irregular dark splotches (Figure 7-7). Two ridges of glandular tissue
called dorsolateral folds extend from the eyes along the side of the body to the base
of the hind legs, and the upper jaw usually bears a cream colored stripe, especially
in younger frogs. As the common name implies, the underside of the hind legs is
red, and the red color sometimes extends onto the belly and chest. Young frogs
and some mature adults lack the red coloration entirely, however. Adults are much
larger than Pacific chorus frogs, reaching up to 13 cm (5 in) in length.

Currently, most sources refer to the California red-legged frog as a subspecies of
the northern red-legged frog, Rana aurora. Recent studies, however, have shown
that these two species of red-legged frog are more closely related to other species
than to each other (Shaffer et al. 2004). In a state as well studied as California, it is
amazing that researchers are still discovering new vertebrate species! Indeed, much
remains to be discovered everywhere, not just in the remote corners of the planet.

Figure 7-7: Red-legged frog (Rana draytonii) adult
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California red-legged frogs typically breed sometime between November and
April (January is average), and the breeding season commonly lasts two to three
weceks, although some males will call for two to three months. The advertisement
call of the male California red-legged frog is a low-pitched, guttural uh-uh-uh-
uh-uh, sometimes followed by an elongated groan (some liken this to the deep
moan of a rusty hinge). California red-legged frogs have two vocal sacs, one on
each side of the throat, unlike Pacific chorus frogs, which have a single vocal sac
centered on the underside of their throat. Females lay eggs in a single mass averag-
ing about 2,000 eggs. Masses are soft and squishy to the touch, and are attached
to vegetation just below the water’s surface. Tadpoles are brownish and marbled
or stippled with dark spots. Viewed from above, the tadpole’s eyes appear well
set in from the margin of the head. The belly has a pinkish iridescence. Tadpoles
grow for several months before metamorphosing into froglets that are 1.6—2.0 cm
(0.6—0.8 in) long. Sexual maturity is reached at two to three years of age, and frogs
can live to be eight to ten years old.

California red-legged frogs were once abundant in suitable habitat from
Mendocino County south to the Sierra San Pedro Martir in Baja California. They
were also common in the foothills of the Sierra Nevada (the California red-legged
frog 1s Mark Twain’s famous “Celebrated Jumping Frog of Calaveras County”).
Unfortunately, California red-legged frogs have been extirpated from about 70
percent of their former range, and at the time of this writing only two small popu-
lations remain in southern California and six remain in the Sierra Nevada. Their
continued existence in these regions is tenuous. Healthy populations still occur
along the Central Coast, however, including the Santa Cruz area, but here too the
number of populations has declined.

Causes of the massive decline of the California red-legged frog include habi-
tat alteration, habitat destruction, pesticides, and introduced predators such as fish
and the American bullfrog (Rana catesbeiana). In particular, introduced bullfrogs
may be a major cause of amphibian declines throughout western North America,
impacting native species through predation, competition for resources, and other
factors. Habitat disturbance appears to intensify the impact of bullfrogs on red-
legged frogs (Kiesecker et al. 2003, Doubledee et al. 2001, Kupferberg 1997).
UCSC graduate student Nina D’Amore is studying the effects of bullfrogs on red-
legged frogs at Elkhorn Slough, and Valentine Hemingway is initiating studies on
the role of diseases in the decline of California red-legged frogs.

So far, bullfrogs have not colonized campus, but it is paramount that we work
to keep UCSC bullfrog-free. Bullfrogs are green or brown, with numerous black
blotches. The snout is greenish (California red-legged frogs have a brown snout)
and the throat is yellow. A particularly good way to identify bullfrogs is to look
at the tympanic membrane, the external eardrum located between the eye and the
shoulder. In bullfrogs, this membrane is quite large, and there is a ridge of tissue
called the cranial crest that wraps around its top and back edge (California red-
legged frogs have smaller tympanic membranes and lack cranial crests). Unlike
California red-legged frogs, bullfrogs lack dorsolateral folds. If you find a bull-
frog on campus, please contact the Campus Natural Reserve office. The reserve
managers are conducting a long-term monitoring project of the California red-
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legged frogs at UCSC, and this unfortunate development would be of great inter-
est (and concern).

Western Toad (Bufo boreas)

WHAT OF THE CAMPUS TOADS? In three years of tramping around UCSC I've yet
to meet one. All the same, historical records indicate that the western toad (family
Bufonidae) once called the campus home. Moreover, it is not clear why they would
not be here. Like the California red-legged frog, western toad populations have
suffered and declined everywhere. The causes of the decline are not entirely clear,
but include the usual suspects: pollution, disease, and habitat destruction.

Toads are the newts of the frog world. The term “toad” is not particularly scien-
tific, however, but instead is applied to frogs that have evolved a terrestrial mode of
life. Characteristics of toads include a squat posture, warty skin, clusters of granu-
lar (poison) glands behind the eyes called paratoid glands, relatively short legs, and
a tendency to walk instead of hop or jump. Face on, their expression is stern. The
western toad is variable in color, ranging from green and brown to tan, reddish,
grey, and black. Most are mottled with dark blotches. The warts commonly differ
from the color of the back, and can be brown, rust, red, or yellow, and individual
warts are often ringed in black. A particularly diagnostic character of the western
toad is a thin, light-colored stripe running down the middle of the back from the
snout to the hindquarters, seemingly dividing the toad into two equal halves.

Because their status at UCSC is uncertain, it would be valuable for everyone
to keep an eye out for western toads. You can also listen for toads on warm spring
evenings. Male western toads have no vocal sac, and their calls are quiet. Some
sources say that western toads have no advertisement call, but Stebbins (2003)
reports that males make a chirrup or plink sound, and that a chorus of western toads
sounds a bit like a distant flock of geese. Breeding occurs in quiet waters, such as
ponds and ditches. Likely places to look on campus include the Arboretum and any
small, temporary body of water you can locate. Western toad eggs are casy to iden-
tify because they are black and laid in long, paired strings, not in masses like those
of the other campus frogs. A single female may lay 17,000 or more eggs. Tadpoles
are jet black, and they typically cluster together in schools. Any sign of western
toads should be reported to the UCSC Museum of Natural History Collections.

WITH THEIR COMPLEX LIFE HISTORIES AND AMAZING ADAPTATIONS, amphlb—
ians are shining examples of the campus’s rich biological diversity. Yet, beyond
the biology and scientific jargon there is something else, something personal. Our
hike began in the wintertime, when many people lock themselves indoors and
hibernate. You explored the campus. You got your hands dirty and your boots
wet. With some luck you found amphibians, handled them, examined them, and
felt their precious life. How do you feel?
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