A COMPARISON BETWEEN THE GEOGRAPHY OF THE VERDUGO HILLS
WITH THAT OF THE EASTERN SIERRAS
HELEN STEELE
CLIMATE
Glendale has a Mediterranean (Cfa)
climate with very hot summers and cool
winters. In the coolest months of November
and December, the average temperature ranges
from a low of 36°F to a high of 65°F with a
mean of 50°F. In the hottest months of July
and August, the minimum temperate averages
55°F while the maximum average is 95°F and
the mean is 75°F. Precipitation is in the form of
rain or drizzle and is low, averaging
approximately 17 inches per annum. This
precipitation is concentrated in the Winter
months, particularly January through March, with very little precipitation in the summer months. This can be seen in
the Glendale climograph above. Glendale’s climate is influenced predominantly by its position in the mid-latitudes,
although its distance from the Pacific ocean means that it favors more extremes of temperates than the coast.
While the city itself averages an altitude of approximately 540 feet, the Verdugo Hills rise up to 1400 feet above sea
level. The average precipitation in the Verdugo Hills is slightly higher at 18.9 inches per annum.

1

The Eastern Sierras have a similar
although more extreme climate to the
Verdugo Hills, with some regional variation,
mostly caused by elevation and topography.
In Big Pine, CA, as we can see from the
climograph (below right), the winters are
colder: in the coldest months of December
and January, the mean average is
approximately 38°F with daily highs of only
54°F and lows of 22°F. The summer
months of July and August are slightly hotter
than those in Glendale. The mean
temperature is approximately 76°F with
highs of 97°F and lows of 55°F. These extremes are caused primarily by the distance from a large body of water.
The Pacific Ocean is some 400 miles from this region, but moreover, any moisture moving east from the Pacific is
blocked by the topography: the westward slopes of the Sierra Nevada mountains wring most of the moisture out
of the air, allowing little warming effect in winter or cooling effect in summer. This also means that precipitation is
very low: Big Pine averages just over 5.5 inches per annum, while Mono Lake receives only 7 inches of precipitation
per annum. .
At higher elevations, including the Mammoth Lakes area, the altitude effect climate in vertical zones.
Mammoth is approximately 8000 feet above sea level while the Twin Lakes area is some 500 feet higher still.
Temperatures here are considerably lower than in the neighboring lowlands. In the winter months, Mammoth might
expect lows of 13°F and highs of 40°F. In the summer, temperatures rise to highs of 78°F and lows of 42°F. In the
mountains – including Mammoth mountain at 11,053 feet – these temperatures may be some 10–15°F lower. These
high daily temperature ranges can be accounted for by the thin, dry air. Insolation from the sun is high during the
day, bringing warmth, while radiant energy escapes easily in the night, causing bitter cold.
Precipitation is somewhat higher immediately around Mammoth and the Twin Lakes area, averaging some 29
inches of precipitation per annum. 80% of this falls in the winter, predominantly as snow. Snow on Mammoth
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Mountain can exceed forty feet. This unexpectedly high precipitation is caused by the funneling of precipitation
through a gap in the Sierra Nevada range immediately to the West of Mammoth. Instead of the precipitation from
the ocean being taken from the air to the west of the mountains, it is able to reach Mammoth.
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LITHOSPHERE, GEOLOGY & LANDSCAPE
The Verdugo Hills, a branch of the San Gabriel Mountains,
are part of the Transverse Range. Like much of the Eastern
Transverse Range, 90% of the Verdugo Hills are composed of
granite, an igneous intrusive rock. Granite is formed when subsurface magma cools very slowly producing a rock with large
crystals (above right). The composition of the rock has an effect both on the landscape and upon the soils. Granite
is very strong, so can support very steep terrain. It is also very difficult for water and plant roots to infiltrate which
means that granite breaks up and weathers only very slowly. Soils are thus only very thin: averaging only 2–3” inches.
However, erosion has occurred over millions of years, and granite bedrock and rubble have descended from
the Verdugo Hills and the San Gabriel Mountains into the Crescenta Valley. This sediment has been gradually
compacted and cemented over the millenia to give sedimentary rock in the valley floor.
Much of the rock in the Sierra Nevada chain is igneous intrusive rock, particularly granite (above) formed by
the slow cooling of subsurface magma. There are, however, considerable amounts of both sedimentary and
metamorphic rock in the region. Sedimentary rock was first formed after a vast sea covered the area approximately
500 million years ago, building up layers of sediments on the seabed. As the sediments settled, they turned into
sedimentary rock such as limestone or siltstone. After relatively short periods of uplift around 400 million and 225
million years ago, during which times, the land rose above the sea, the area once again settled beneath a sea, and
further sediment deposition and lithification occurred.
Approximately 100 million years ago, the land once again rose through uplift and the
layers of sedimentary rock folded. It was shortly after this period that magma began to rise
up into the sedimentary rock to form granite. The heat of the molten magma released into
the surrounding rock, together with the extremes of pressure caused some of the adjacent
sedimentary rock to crystallise into metamorphic rock such as slate or marble. This rock is
characterised by stripes of varying coloration (right). Weathering by water caused much of the metamorphic and
sedimentary rock to erode, leaving great stretches of granite interspersed with smaller areas of metamorphic rock.
Such granite is visible by the Twin Lakes and like the granite rocks of the Verdugo Hills are able to support
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extremely steep vertical slopes. This weathered rock slipped into the valleys, were it was again turned into
sedimentary rock by the process of lithification.
Some 35 million years ago, a series of volcanic explosions brought magma
directly to the surface as lava. This cooled rapidly to produce igneous extrusive
rock, such as basalt and obsidian (left). There are a number of faults in the Eastern
Sierra and it was soon after this period of volcanic activity that the rock along
these fault lines began to tilt up westwards to form the mountain chain. This uplift
continued, the mountains rose and further igneous extrusive rock rose through
the fissures. A large amount of this igneous extrusive rock can be seen in the
rocks along the shore of the Twin Lakes. Mammoth Mountain consists of such
rocks.
One feature of the area is the Long Valley Caldera. Some 750,000 years
ago, the magma beneath the surface of the rock grew to such a high pressure
that it exploded. 150 cubic miles of hot magma, ash and lava were thrown into
the atmosphere and reached as far as Nebraska, leaving a trail of destruction.
Where the magma had been, there was now a large empty chamber, which
collapsed, creating the Caldera. Similar, though smaller, eruptions created the
Inyo and Mono craters. The Inyo craters (right) were formed only 600 years ago
when water and magma mixed to make a gas that blew out ash and rocks to make an explosion crater. More
recently, in the Mono lake region, volcanic activity less than 300 years ago helped to form Paoha island and
Mammoth Mountain itself last erupted only 500 years ago. The region is still volcanic, with the constant possibility of
eruptions and earthquakes. Small earthquakes are common around Mammoth and the recently detected bulge in the
Long Valley Caldera indicates that magma is once again building up in the region. This may lead to a future eruption.
The same volcanic activity that formed the Long Valley Caldera allowed the creation of the Hot Springs.
Water from the Sierra Nevada mountains filters down through cracks in the earth’s crust. This water infiltrates
down to the magma some five miles below the earth’s surface. The extreme temperatures heat the water which
then escape upwards through a fault zone to emerge as steam and boiling water. This mixes with surface water in
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the steam to form hot thermal pools (right). The water
temperature can exceed 212°F so theoretically the steam
could be used for a constructive use.
One further visible manifestation of the volcanic
nature of the region can be seen at Horseshoe Lake.
Magma produces carbon dioxide gas which, under pressure, is released
through fissures and collects in low spots. This high CO2 level means that
the trees cannot get enough oxygen and they die. A large number of trees
have begun to die (left) since 1989: a Possible indication of both rising CO2
levels and potential volcanic activity.
To the South of the Mammoth Lakes region, around Convict Lake, it
is possible to see another feature of the landscape: valleys and moraines formed by glacial activity (right). During the
ice age, glaciers covered the Sierra Nevada mountains. Glaciers
were not static and as they moved they melted enough to
incorporate small particles of silt and sand: the glacial flour. As
the glacier moved, this sediment abraded the rock beneath in a
process called scouring, which causes striations in the surface of
the rock. Glaciers also would pluck off boulders and carry them
with them. Ultimately, this sediment and the boulders would form moraines. Terminal moraines are formed where
the glaciers exited the mountain ranges; lateral moraines along the side of the U-shaped valley formed by the glacier.
The rocks around Convict Lake, like other glacial valley lakes, are metamorphic rock originally from sediment.
These rocks are some 400 million years old.
The Earthquake fault is actually a misnomer. It is a break in the landscape but rather than being a fault it is a
fissure. A fissure is essentially a crack in the rock of the crust, caused by a shallow intrusion of magma following the
Inyo crater eruptions. A fault is a larger scale movement of rock subdivided into three types: compression,
tensional and sheer. The earthquake fault is no longer moving and is unlike to grow further.
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HYDROSPHERE
Due to the climate, and the low annual rainfall, there is a limited supply of water in the Verdugo Hills. Most
water flows only in intermittent streams which don’t flow in the dry season of Summer. Precipitation infiltrates the
soil and the bedrock only very slowly because of its granite composition. Rainwater slowly moves into the streams
over the course of 3–4 months.
Unlike the Verdugo Hills, there is a large quantity of water throughout the Eastern Sierra region despite the
low rainfall. Around Mammoth there are multiple small lakes formed including the Twin Lakes, Lake Horseshoe and
Lake George. These are fed by constant streams from the Sierra Nevadas and from Mammoth Mountain itself. The
lakes form in the depressions in the land caused by the folding of the rocks, or in the case of Convict Lake, by the
creation of the valley by glaciers. Further away from the mountains, in more low lying areas, however, there is far
less water as the mountain streams fail and these areas are far more arid.
Mono Lake
Mono Lake (right) was first formed when
glaciers melted to create a vast inland sea some 13,
000 years ago. As the waters gradually receded, Mono
basin provided a natural dip in the land for water to
remain and form Mono Lake. Since then, five streams
from the Sierra Nevada mountains have fed the lake.
There is only an average of 7 inches of precipitation in the lake region each year, so that has minimal effect upon
the level of the lake. In normal circumstances, the evaporation from the lake would be similar to the input from the
streams and from precipitation bringing an equilibrium to the lake. However, in 1942, the city of Los Angeles began
tapping water from the inlet streams for its water supply and without this input the lake level dropped drastically.
This increased the already high salinity of the lake and also affected the traditional breeding ground of California
gulls, who are attracted by the inlet streams. Concern grew at the environmental impact upon the lake and its
inhabitants so that the Federal Government stepped and through the creation of the Mono Lake National Forest
Scenic Area, forced Los Angeles to begin restoring the lake to its 1942 levels. The current level of the lake is
6381.9 feet above sea level: a rise of 7.3 feet since 1994. The depth of the lake varies from 50 to 150 feet.
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The waters of Mono Lake are extremely salty. It contains 10% salt: some
2.5 times as salty as the ocean and one thousand times as alkaline. This alkalinity
means that although the water gets extremely cold in the winter, it does not
freeze – although the inlet streams may freeze. A peculiar aspect of Mono Lake
is the formation of Tufa towers (left). Calcium flowing in from the streams and
carbonates from the alkaline waters of the lake have reacted to form calcium
carbonate over the last one thousand years. This calcium carbonate is deposited
underwater as limestome: as the waters have receded, these towers or spires have become visible.

BIOSPHERE
Verdugo Hills
There are four major plant and animal communities – Riparian and
Southern Oak Woodlands, Chaparral and Coastal Sage Shrub – in the Verdugo
Hills, all of which have learn to adapt to both the climate and the soils of the
region. In particular, plants must be adapted to a lack of water, especially over the
dry season. Plants adapt in various ways. Some,
such as the laurel sumac (right), are perennial. These plants have very deep roots to
better access ground water and waxy, narrow leaves to preserve water. They grow
slowly but remain green throughout the year and continue from year to year.
Other plants, such as the California buckwheat (left), are annuals. They flower and
produce seeds very quickly in the wet season, then die as the water dries out. When the rain returns, the seeds
germinate and complete the cycle.
Apart from the effect of the climate and the thin soils, there are two additional factors that influence the
environment of the Verdugo Hills. Firstly, human influence has an increasing effect. Populations continue to move
into the Verdugo Hills, clearing woodlands and building upon the hillsides. With increased population comes
increased pollution: raw sewage can seep into the groundwater, airborne pollutants choke the air and the thousands
of tons of garbage that populations dump each day affects both air, land and water.
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It is fire, however, which has the greatest effect on the Verdugo Hills environments. Fires are started by one
of three means: the most common in by lightning during storms, but both friction fires – caused by the rubbing
together of leaves or tree branches in high winds – and human-initiated fires (both accidental and arson) do take
their toll. Fires occur on average every thirty years and devastate the area. Temperatures can reach up to 2000 °F.
Plants in the area of a fire of burned away in the fierce heat while animals must either flee or take shelter
deep underground. This latter is possible because temperatures decline rapidly beneath the surface: a fire that rages
at 1000°F will make the soil 6” beneath the surface 100°F: hot but survivable. Chamise plants in particular are
cleared by fire: their grease catches and burns easily, consuming the plant. Fires are thus useful for clearing the land
of chamise and other larger plants and volatilising the chamise toxins to make the soil suitable for other plants again.
After a fire, the pioneer species soon return to the land, which is often fertilised by the ash left from the
fire. In some cases, seeds that lay dormant in the soils are activated by the fires and begin to germinate and grow.
Other plants – with up to 75% of plant mass normally root – survive as roots, deep in the ground and protected
from the heat by the soils. They resprout or “crown sprout” from the root crown into full plants again. Small
animals soon return to feed upon the grasses and short shrubs and are followed in turn by the larger predators.
Animals such as wood rats have a very high reproduction rate so are soon able to return their population size to
pre-fire levels.
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Riparian Woodland
The Riparian woodland environments are found at all elevations in the
Verdugo Hills, along the beds of the streams. The plants here include taller
deciduous trees, including the California and Western Sycamores, the Black
Willow and the White Alder. The leaves of the trees are broader than those in
more dry environments and provide more shade, allowing shrubs in the
undergrowth that do not need to be so strongly adapted to dry climates. Shrubs
found in this environment include the perennial Mulefat (left), which uses a very
deep root system to survive during the period during which the streams dry up.
Other plants found in the riparian woodlands include the California Bay, California Wild Rose and the Scarlet
Monkeyflower.
The undergrowth and shady conditions in the woodlands encourage a range of
animals and birds. Mountain lions prey upon mule deer in the San Gabriel Mountains
but their space requirements mean there is no room for a community within the
Verdugo Hills. However, coyotes (right) do live in this environment as do desert
cottontails, deer mice and ringtails. Birds are common in the trees and include Bell’s Vireo, the Downy
Woodpecker, the Brown-headed Cowbird, the Red-shouldered Hawk, the Black Phoebe and the Yellow Warbler.
Snakes and amphibians can also be found in or near the streams. Two-striped garter snakes – the most common
snakes in California – are one of three different species of snake found in this environment together with South
Western Pond Turtles, Western Toads and Pacific Treefrogs.
Southern Oak Woodland
Southern Oak Woodlands are found somewhat farther away from the
streams than riparian woodland. This environment tends to favor shallow slopes
or plateaus and may mingle with the chaparral environments, especially on
Northern slopes. Trees in this environment tend to be shorter than those in
riparian woodlands in order to preserve water, which is shorter supply in these
areas. They include the colorful Toyon (above left), the Blue, Shrub and Canyon Live Oaks. These trees are usually
surrounded by grasses and chaparral vegetation.
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As in the riparian woodland, the southern oak woodland is the host to
several species of animals, including the ringtail, the Western spotted skunk, the
gray fox and Botta’s Pocket Gopher (right). Birds found in this environment
include both Barn and Great Horned Owls, Cooper’s Hawks, Nuttall’s
Woodpeckers, and the Western Bluebird. The non-venomous gopher snakes are the most predominant snake
species, and given the dry nature of the land, there are negligible amphibian populations.
Chaparral
Chaparral (also known as “Hard Chaparral”, right) is the environment
most often associated with Southern California. It is dominant on the hot, dry
slopes of the Verdugo Hills, where plants and animals must adapt to the
relatively harsh conditions. Trees are short to preserve water and both tree
and shrub roots grow deep into the soil to extract ground water, anchor the
plants firmly in the thin soil and to provide root material from which the plant
may regrow after fire. Leaves on chaparral plants tend to be extremely thin
evergreens with oily or glossy coats to preserve water. Some leaves are even spiky or thorny.
One of the most predominant of the trees in this environment is the
chamise (left) which not only has tiny leaves adapted well for the dry climate, but
also emits toxins into the soil to provide an edge in the competition for
resources. Other plants include the annual California buckwheat – which rapidly
produces pink, then white, then brown blooms, spreads its seeds then dies,
only for the seeds to germinate at the first rains of Fall – as well as the heartleaf penstemon, the manzanita, the
poison oak and Our Lord’s Candle.
Animals are found in this environment despite its lack of water or shade.
Predators such as the coyote and bobcat hunt for prey that can include brush
rabbits and dusky-footed woodrats, while raccoons and striped skunks also are
common. Many insects thrive in this environment, including the Tarantula spider,
and snakes and lizards bask in the hot, dry climate. In particular, the chaparral is
home to the extremely venomous Southern Pacific Rattlesnake (above right).
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Coastal Sage Shrub
This environment is also know as “Soft Chaparral” and can be found below on southwestern slopes of the
San Gabriel mountains and Verdugo Hills below 3000 feet in elevation. Although in some respects this environment
is similar to the Chaparral, there are some differences. There are very few trees in this environment: plants are
most likely to be shrubs, either perennial or annual, often characterised by soft, bendable leaves.
Laurel sumac (right) is a typical perennial. Its leaves are narrow everygreens,
leathery and waxy to preserve water. What water it does get mostly comes via a
very deep tap root from ground water and this allows a very slow rate of growth.
Many sages grow in this environment, include purple, white and black sage. The last
is peculiar because it has square, rather than round, stems. Other plants include the
golden yarrow and the California dodder.
Coyotes, once again, inhabit these areas and can prey upon the agile
kangaroo rat, the California and deer mice and black tailed rabbits. In such regions
in the San Gabriel, mountain lions can exist, but the Verdugo Hills do not provide
enough room to flourish. There are less species of native birds – the absence of
any significant tree population does not encourage many – those that do inhabit
these areas include the cactus wren, the American crow, the California Towhee
and the Bewick’s wren (left).
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Eastern Sierra
The biological environments of the Eastern Sierra are influenced most strongly by the great differences in
elevation from West to East. The climate varies greatly with altitude and the flora and fauna changes with the climate.
Mono Lake is a special environment as the extreme saline content of the lake has a profound effect upon the local
flora and fauna.
Desert
In the East of the region, at the lowest elevations, we have seen that the
climate is hot in summer, cold in winter, with very minimal precipitation. Like
plants in the Verdugo Hills, especially the Chaparrel, plants are adapted to the dry
climate. This climate type is represented in the region by the area near the Hot
Springs. There, as we can see in the image of the Whitmore Hot Springs on page
5, the vegetation is predominantly scrub, including plants like the sagebrush (right).
Animals in these areas are somewhat scarce and include the antelope ground
squirrel and the desert coyote.
Forest Zones
As we move westwards from the desert, the land sharply rises
to an elevation of over 8000 feet above Mammoth. As the land rises,
the flora changes. 95% of all the trees at this elevation are evergreen
conifers rather than deciduous (image of Twin Lakes, left). Jeffrey Pines
give way to a thick forest of White and Red Firs and Lodgepole Pines
above 8000 feet. Lodgepole pines can be identified from the two
needles in a bunch. Their needles are stiff and thin to better retain
water. All trees in this region are well adapted to the cold: they have thick bark to protect from the cold.

13

Mountaintops
Above the timberline and on top of the mountains, there is very scarce vegetation. The trees that flourish
further down the slopes cannot be sustained in the extreme cold and high winds that dominates most of the year.
Few plants manage to survive here and those that do are very small, and adapted to the cold, including having a very
short growing season. No animals live here but some, such as the alpine chipmunk or the white-tailed jackrabbit,
stray into this area, especially in the warmer summer season.
Mono Lake
Mono Lake is a special environment because of the salinity of the water in the
lake. The lake is so salty that fish cannot survive. However, some organisms do
flourish in the water. Brine shrimp are common in the lake. In the Winter, algae
dominates – turning the water a pea green. In the Spring, alkali fly eggs hatch and with
the brine shrimp, eat the algae, allowing the lake to appear blue once more. These
alkali fly larvae and brine shrimp provide food for birds such as California gulls (right).
Other birds in the area of the lake include ospreys, sage thrashers, avocets, horned
larks, kildeer, owls and northern harriers.
Around the lake, there is considerable low-lying scrub but few
larger plants or trees. Not only must these plants be adapted to the
climate, but they must also have adapted to the high salt content in the
area, including having long tap roots to take up fresh water. These
plants include green rabbitbrush (left), big sagebrush, caterpillar
greasewood, russian thistle, alkali seepweed and salt grass. This
shrubby flora proves to be an adequate habitat for a variety of small animals including weasels, squirrels and deer
mice.
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