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The western margin of proto-North America was formed about 800 
million years ago during the late proterozoic era when the supercontinent 
Rodinia broke apart due to continental rifting.  This led to the formation and 
expansion of the Pacific Ocean.  As the Pacific Ocean widened, the western 
margin of proto-North America became passive and shallow, meaning there 
was no active plate boundary along the coast, similar to that of the 
American east coast today where no plate boundary is present along the 
eastern shoreline.  The western margin of proto-North America eventually 
became the western margin of the supercontinent Pangea.  After Pangea 
broke apart roughly 200 million years ago, again due to continental rifting 
and the formation of the mid-Atlantic ridge, North America began to take its 
more present day form.  North America’s western shoreline of the time ran 
roughly from Utah to the Mojave Desert, placing California and Nevada 
underwater where eroded land and marine sediments settled on the shallow 
ocean floors of the Pacific Ocean, where layers of shale, sandstone and 
limestone formed.  Over hundreds of millions of years, the layers of 
sedimentary rock accumulated to approximately 30,000 feet thick.  

Limestone forms from the compaction and cementation (lithification) 
of broken down organic marine and calcium deposits.  Shale, a thinly 
layered, dark green and grey rock, forms from the lithification of eroded 
mud, silt and clay.  Sandstone forms from the lithification of eroded sand 
grains.  While fossils are generally found in limestone, they are also 
common in shale, but rarely in sandstone.  Fossils of trilobites and reef 
building organisms that lived in the warm shallow ocean waters of the 
Pacific Ocean, up until the Permian-Triassic Extinction event roughly 250 
million years ago, can be found in the sedimentary rocks of the White 
Mountains, including the cambrian shale in Silver Canyon.

Photo by Rocky Ehrich, Silver Canyon, 2022
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About 230 million years ago the western coastline of North America 
changed from a passive margin to a dynamic margin.  This was due to the 
two mid-ocean ridges on opposite sides of the continent, one in the Atlantic 
Ocean and one in the Pacific Ocean.  These two mid-ocean ridges pushed 
the oceanic crust of the Pacific Ocean (the Farallon Plate) eastward and the 
continental crust of North America (the North American Plate) westward.  
This head-to-head compression led to the formation of a subduction zone 
on the western margin of the North American continent, where the denser 
oceanic plate moved down beneath the lighter continental plate.

From that point in time to about 80 million years ago, magmatism 
took place beneath the western North American margin as a result of the 
Farallon plates steep angle subduction.  This lead to the formation of 
magma chambers and volcanoes parallel to the subduction zone. It is 
believed that magmatism ceased about 80 million years ago due to a 
change in the Farallon plates subduction angle, changing from a steep 
angle to what's called flat-slab subduction.  This is when the oceanic plate 
moves horizontally under the continental plate between the lithosphere and 
the asthenosphere, versus diving downward into the mantel.  When 
magmatism ceased, the magma chambers cooled and solidified into rock.  
When rock solidifies below the surface of the earth it is identified as intrusive 
igneous, or plutonic rock.  

The flat-slab subduction of the Farallon Plate is also responsible for 
the uplift the granitic plutons, birthing the earliest form of the Sierra Nevada.  
The overlying sedimentary rocks lifted upward to formed small rolling hills 
and valleys.  Erosion of the overlaying sedimentary rocks took place at a 
rate of about 1 and a half feet per every 1,000 years.  As the weight of the 
overlaying rocks were removed, the granitic plutons continued to rise 
upwards due to isostatic equilibrium.  Similar to how a cargo ship rises in 
ocean waters and becomes more buoyant as heavy containers are 
removed, mountains will rise as overlying rocks erode away.

Photo by Rocky Ehrich, Sierra Nevada, 2022

Igneous Rock 
Sierra Nevada Batholith



To the west of the ancient Farallon Plate was the East Pacific Rise, 
a mid-ocean ridge in the Pacific Ocean that divided the Farallon and the 
Pacific Plates.  Roughly 28.5 million years ago a portion of the Farallon 
plate completely subducted beneath the North American Plate, bringing the 
East Pacific Rise and the Pacific Plate in contact with the North American 
plate.  When this happened the Farallon plate was split into two new plates, 
the northern Juan de Fuca Plate and the southern Cocos Plate.  The point 
of contact along the North American and Pacific Plates was the birth of a 
new plate boundary, a transform boundary called the San Andreas Fault.  
This change from a convergent boundary to a transform boundary led to 
multiple factors that are responsible for continental extension, the formation 
of the Basin and Range and more specifically the Owens Valley.

Today the San Andreas Fault is 800 miles long.  Along the Fault, the 
Pacific Plate moves in a northwest direction at a rate of about 3 to 4 inches 
per year whereas the North American Plate moves west southwest at a rate 
of only 1 inch per year.  Due to friction and lock zones between the two 
plates, the denser and faster moving Pacific Plate pulls and stretches the 
west coast of the North American continent northwest faster than the 
movement generated from the Mid-Atlantic Ridge.  

Another factor leading to continental extension is the result of 
elastic deformation.  Elastic deformation is the temporary deformation of 
rocks that return to their original form after removing the force that caused 
the deformation.  As the compressional forces from the Farallon plate 
ceased, the continent extended back out from itself.  It is believed 
continental extension could eventually lead to a new rift zone and generate 
a new divergent plate boundary, similar to the rifting that led to the breakups 
of Rodinia and Pangea.  It is possible that millions of years from now a new 
ocean may form in the place of today’s basin and range.

Photo by Rocky Ehrich, Owens Valley, 2022
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The flat-slab subduction of the Farallon Plate is not only responsible 
for the uplift of the Sierra Nevada Batholith, but it is also responsible for the 
uplift of the basin and range province prior to continental extension.  As 
continental extension began, long longitudinal trending faults formed to the 
east of the Sierra Nevada and deep into the basin and range province, 
creating long and narrow blocks of crust that run perpendicular to the 
direction of pull generated by the San Andreas Fault.  At the base of the 
blocks, deep below the surface of the earth, detachment faults form which 
cause the base of the blocks to slip westward.  As the bases slip westward, 
normal faults form between each crustal block as they tip eastward.  As the 
crustal blocks tip eastward, mountain ranges form along the uplifted western 
margin of the blocks, and basins form on the eastern margins were the 
surface of the earth sinks downward.  The end result is the formation of 
alternating mountain ranges and basins, which are referred to as Horst and 
Grabens.  This process of detachment and normal faults forming are 
responsible for the White Mountains “falling away” from the Sierra Nevada 
and the formation of the Owens Valley basin between the two.  

Today the Sierra Nevada range features 13 peaks that stand over 
14,000 feet high and is home to Mt. Whitney, the tallest peak in the 
contiguous United States reaching a height of 14,505 feet.  The average 
elevation of the Owens Valley is 3,700 feet.  The highest point of the White 
Mountains stands at 14,252 feet.  As extension continues today, the Owens 
Valley will continue to sink and widen as the Sierra Nevada and White 
Mountains continue to uplift and stretch away from one another. 

Photo by Rocky Ehrich, Mt Whitney, 2022
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Some of the sedimentary rock that formed during the late 
proterozoic and paleozoic era in the shallow ocean waters along the 
western margin of north America are no longer in their sedimentary form.  
These rocks have metamorphosed into metamorphic rock do to the high 
temperatures and pressures placed on them due to the heat that was 
generated from the magmatic intrusions that formed the Sierra Nevada 
Batholith.  You can find these metamorphic rocks today both in the Sierra 
Nevada and the White Mountains. 

High in the Sierra Nevada, these metamorphic rocks are referred to 
as prebatholithic rocks as their original formation predates the granite 
plutons of the Sierra Nevada Batholith.  Prebatholithic rocks can be found 
on the top of several peaks north of Mt. Whitney as remnants of the once 
overlying rock that has not completely eroded away.  These remnants are 
referred to as roof pendants.  They are distinctly visible by their dark brown 
and red colors atop the lighter gray granite.

High in the White Mountains at around 10,000 feet near the Ancient 
Bristlecone Pine Forest is a field of weathered Red Quartzite.  Red quartzite 
is sandstone that has metamorphosed from sedimentary to metamorphic 
rock.  The red color of red quartzite comes from the oxidation of iron present 
in the rock.  Processes of mechanical weathering called ice wedging has 
fractured and continued to break down the red quartzite into smaller pieces.  
Ice wedging occurs when water seeps into the cracks of rocks, freezes and 
expands to split the rock apart.  The debris field of red quartzite adjacent to 
the Ancient Bristlecone Pine Forest is called a talus slope.  A talus slope is 
the accumulation of large angular blocks of rock that are found at the base 
of a slope or cliff.

Photo by Rocky Ehrich, White Mountains, 2022
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The eastern and western flanks of the Owens Valley are marked by 
two normal dip-slip fault systems.  Along each of the eastern and western 
fault systems, the Owens Valley forms the hanging wall of each of the 
normal faults, meaning that with each movement along the faults, the 
Owens Valley sinks in relation to the Sierra Nevada and the Inyo-White 
Mountains.  In turn the Sierra Nevada and the Inyo-White Mountains form 
the footwall of the normal fault, including the 11,000 foot tall fault 
escarpment that is the eastern slope of the Sierra Nevada.  With each 
movement along the faults, the Sierra Nevada and Inyo-White Mountains 
rise in relation to the Owens Valley sinking.

Running down the center of the Owens Valley is the Owens Fault 
system.  Unlike the normal dip-slip faults that formed the Owens Valley 
basin, the Owens Valley Fault is a mixture of a dip-slip and strike slip fault.  
Meaning movement along the fault system creates both vertical and lateral 
displacements.

On March 26th, 1872, a two to three minute 7.9 magnitude 
earthquake struck along the Owens Valley Fault.  Pictured is the Lone Pine 
Fault Scarp, one of dozens of ruptures in the valley that formed from this 
earthquake. The displacement from the 1872 earthquake was two-thirds 
lateral and one-third vertical, causing the earth to move 15 feet to the right 
and 6 feet up in a matter of seconds.  The Lone Pine Fault Scarp rises 15 to 
20 feet on the western side of the rupture, likely a total accumulation of 
three earthquakes in the last 10,000 years.  Over the last one million years, 
lateral strike-slips have moved the Sierra Nevada Mountains 40 miles north 
in relation to the Inyo-white Mountains.

Photo by Rocky Ehrich, Alabama Hills, 2022
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The Alabama Hills is a distinct rock feature that sits in the Owens 
Valley, just west of the Owens Valley Fault.  The Alabama Hills cover an 
area roughly nine miles long north to south, two miles wide east to west and 
rise 1,500 feet above the Owens Valley floor.  The northern section of the 
Alabama Hills is composed of metavolcanic rock that is approximately 150 
to 200 million years old were as the southern section of the Alabama Hills is 
Mesozoic granite that is about 102 million years old.  The granite rocks of 
the Alabama Hills have a similar shape to the rocks of the Granite 
Mountains in the Mojave Desert.  Processes of both mechanical and 
chemical weathering called spheroidal weathering has shaped these large 
granite boulders of the Alabama Hills.

When granitic magma first rises up into the earth's crust, the 
magma is about 1,400 degrees fahrenheit and an immense amount of 
pressure placed on it.  As the rock cools it contracts in on itself.  As the 
overlying rock erodes away pressure is released and the rock expands, 
causing the rock to crack.  Once the rock is exposed to ground water, water 
will seep into the cracks of the rock.  When the water in the cracks freeze, it 
expands and cracks the rock further.  When the frozen water melts it further 
wedges itself deeper into the rock and freezes again, further cracking the 
rock.  This cycle is known as frost wedging and will continue to repeat until 
the rock completely splits.

Water with an excess of hydrogen ions makes it slightly acidic.   
While acidic water has relatively no effect on the quartz minerals of granite, 
it does affect and weather away the feldspar minerals of granite into clay.  
This weathering process primarily affects sharp edges and corners of the 
broken granite due to weathering processes attacking the rock from multiple 
angles.  The clay corners are easily eroded away leaving these rounded 
boulders.

Photo by Rocky Ehrich, Alabama Hills, 2022
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There are three volcanic fields on the western flank of the 
Owens Valley along the eastern slope of the Sierra Nevada Range.  
These volcanic fields are the result of the normal dip-slip faults that 
have formed as the continent continues to stretch, weaken and 
fracture.  As pressure from magma chambers below the surface build 
up, magma is released and erupted through these faulted vents.

The southernmost volcanic field of the Owens Valley is the 
Coso Volcanic Field, covering 250 square miles.  The Coso Volcanic 
Field has nearly 100 vents, sharing a mix of basaltic cinder cones 
and 38 rhyolitic domes.  Cinder cones are formed from basaltic 
volcanoes that take shape as erupted cinder falls and accumulates 
near a volcanoes vent.  As the pile of cinder grows and becomes too 
steep to remain stable, avalanches of cinder spread outward away 
from the volcanoes vent resulting in roughly 30 degree conical 
shaped volcanoes.  Cinder Cone eruptions can last from hours to 
months at a time.  Rarely do cinder cones grow higher than 1,000 
feet in height.  Rhyolitic domes are formed from a viscous lava that is 
chemically identical to granite, only differing in that granite cools 
intrusively and rhyolite cools extrusively.  

The Coso Volcanic field has been active for 4 million years 
and has experienced roughly 40 eruptions in the last 440,000 years.  
The most recent eruptions occurred as recently as 33,000 to 39,000 
years ago forming  the 630 foot tall basaltic Red Hill Cinder Cone.  

Photo by Rocky Ehrich, Coso Volcanic Field, 2022
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North of the Coso Volcanic Field is the Big Pine Volcanic 
Field.  Big Pine Volcanic Field is home to roughly 40 cinder 
cones and one rhyolitic dome.  The Big Pine Volcanic Field is 
the smallest of the three volcanic fields in the Owens Valley 
that covers an area 20 miles north to south and is also the 
youngest of the three volcanic fields first erupting one million 
years ago.  The fields most recent eruption is estimated to have 
occurred roughly 17,000 years ago.

Closest to the town of Big Pine is the largest and 
northernmost volcano of the Big Pine Volcanic Field, Crater 
Mountain.  Crater Mountain is a 1,000 foot tall cone that sits on 
top of a 1,000 foot tall granitic plateau.  

Pictured is the Fish Springs Hill Cinder Cone.  On the 
left side of the cone is a scar of sorts that is a result of 
quarrying for basaltic materials.  Cinder cones are often 
quarried for the cinder rock that is used by caltrans on icy roads 
to increase traction for vehicles.  In addition to cinder rock is 
sold at plant nurseries to be used for landscaping.  The low 
side wall in the front of the cone is a result of lava breaching 
and eroding the loosely compacted cinder that formed the base 
of the cone.  The solidified lava flow is now covered by the 
alluvial sediments that surround the cone.

Photo by Rocky Ehrich, Big Pine Volcanic Field, 2022
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The northernmost volcanic field of the Owens Valley is the 
Mammoth Volcanic Field.  The field is made up of roughly 27 domes and 3 
rhyolitic flows called coulees.  A coulee is a thick, short, steep-sided lava 
flow, that flowed from a volcanic vent.  Of the 27 domes are the Mono 
Craters that first erupted roughly 35,000 to 40,000 years ago.  The 
northernmost dome of the Mono Craters is Panum Crater that last erupted 
as recently as 650 years ago.  The lava that was produced from the eruption 
of Panum Crater was high in silica making the lava thick and glassy 
producing pumice and obsidian.

Pumice and obsidian are the two types of volcanic rock most of us 
learned about in elementary school.  Pumice is a very light weight, light 
colored rock with lots of holes in it.  Obsidian on the other hand is heavy in 
weight, dark in color and looks like black glass.  Chemically, the two rocks 
are identical.  However, they each form differently.  Obsidian cools rapidly 
from slow flowing eruptions that allow all the gases to escape the lava.  
Pumice forms from explosive eruptions with a frothy type of rhyolitic lava 
that cools and solidifies instantly, trapping gas bubbles inside the rock.  

Panum Crater is a dome within a crater.  The eruption began with a 
steam explosion that occurred as a result of magma flowing through and 
penetrating a water table below the surface of the earth.  Following the 
steam explosion that formed the initial crater, pumice ash was expelled 
before falling back down in and around the vent.  Last was a thick lava flow 
that rose up to through the center of the crater and solidified as obsidian.  
As lava continue to flow through the cracks of the newly formed obsidian 
dome, additional towers and domes formed on top of the primary dome.

Photo by Rocky Ehrich, Mammoth Volcanic Field, 2022
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The Inyo Craters are three funnel like depressions found on 
Deer Mountain.  Deer Mountain is itself a 115,000 year old rhyolitic 
dome belonging to the Mammoth Volcanic Field on the northwest 
boundary of (but not associated with) the Long Valley Caldera.  The 
formation of the Inyo Craters are a result of three successive steam 
explosions called phreatic eruptions.  Phreatic eruptions occur when 
intrusive magma from dikes interacts with underground water tables, 
causing the water in the table to heat up, boil and flash into steam 
instantly, causing the steam to explode from below the surface of the 
earth.  Unlike the the phreatic explosion that initiated the eruptions at 
Panum Crater, no lava ever erupted from the Inyo Crater eruptions.

The magma that is responsible for the phreatic eruptions of 
the Inyo Crater is from the Inyo Dike.  The three Inyo Crater 
explosions occurred in successive order, likely within days or even 
hours of each other, moving from the northernmost crater to the 
southernmost crater.  This was discovered by identifying the lighter 
colored rocks from the peak of Deer Mountain underlying the darker 
colored rocks of the southern crater.  Radiocarbon dating of trees 
destroyed in the eruptions suggest that the three explosions occurred 
550 to 650 years ago.  Pictured is the South Inyo Crater which is the 
largest of the three craters, measuring 600 feet wide and 200 feet 
deep.

Photo by Rocky Ehrich, Inyo Craters, 2022
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Also within the Mammoth Volcanic Field, and just south 
of Mammoth Mountain Ski Resort, is Horseshoe Lake.  
Following a series of earthquakes in 1989, an unusually high 
level of naturally occurring carbon dioxide (CO2) was 
measured here at the lake.  The carbon dioxide here at 
Horseshoe Lake comes from carbon dioxide gases that escape 
from magma chambers below Mammoth Mountain via ruptures 
in the earth's crust that are opened during earthquakes.

While trees do draw in carbon dioxide via their needles 
in order to drive photosynthesis, trees also need to absorb 
oxygen from the soil via their roots to drive cellular respiration.  
Unfortunately for the trees at Horseshoe Lake, because carbon 
dioxide is heavier than air, poisonous amounts of carbon 
dioxide remain in the soil, low areas and depressions.  This is 
evident by the contrast and location of the dead trees in low 
areas and the living trees in the higher areas.  The tree die-off 
at Horseshoe Lake covers a size larger than 100 acres.  

The high levels of carbon dioxide in low areas, 
depressions and enclosures makes Horseshoe Lake not only 
deadly to the vegetation, but dangerous to animals, children 
and anyone laying low to the ground.  Prolonged exposure 
here at Horseshoe Lake could be fatal.

Photo by Rocky Ehrich, Horseshoe Lake, 2022
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The Long Valley Caldera is the remnant of a supervolcano 
that erupted 760,000 years ago.  Unlike every other volcano of the 
Owens Valley that has erupted as a result of continental extension, 
the eruption of the Long Valley Caldera is the result of a magmatic 
hot spot below the earth’s crust.  The Long Valley Calderas eruption 
emptied its magma chamber and blasted 150 cubic miles of molten 
rock that buried thousands of square miles around the volcano to 
form the Bishop Tuff.  Ash from the eruption covered much the the 
western united states and reached as far as Kansas and Nebraska.

Today the Long Valley Caldera is marked by an 18-by-10 mile 
depression that sits between Mammoth Mountain and Glass 
Mountain.  Within the Long Valley Caldera is Hot Creek Hot Springs.  
The Hot Creek Hot Springs formed as a result of water runoff 
generated from rain and snow that filters in from the Sierra Nevada 
down through the earth’s crust via cracks that were formed from 
faults on the perimeter of the caldera.  Just five miles below the 
earth’s surface the water runoff boils from heat generated from a 
magma chamber.  The boiling water then rises back up to the surface 
via steam vents to from hot creeks, pools and the occasional geyser.  
The pale blue water in the ponds here at Hot Creek Hot Springs are 
a result of the absence of algae and bacteria.

Photo by Rocky Ehrich, Hot Creek Hot Springs, 2022
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We move from geological features formed from heat to 
geological features formed from ice.  Over the past two million 
years, multiple ice ages have formed the glaciers that have 
shaped the Sierra Nevada batholith as we see it today.  
Glaciers begin to form when accumulated snow in a given area 
is greater than the amount of snow that is lost due to snow 
melt.  As the weight of the accumulated snow compacts, it 
compresses in onto itself forming into ice.  A glacier is fully 
formed when an ice field begins to flow downhill.  

As gravity forces glaciers down mountains and canyons, 
friction between the glacier and the rock cause the ice to melt 
at the point of contact creating a lubricated layer of water 
between the two surfaces.  As glaciers continue to flow 
downhill they collect eroded rocks and sediments.  These rocks 
and sediments form a coarse sandpaper like texture that cut 
and carve away at the rock surface forming “U”-shaped valleys, 
removing most, if not all the soil.  As temperatures warm and 
glaciers retreat, meaning they do not accumulate enough snow 
to counter the amount of snow lost to melting snow, they leave 
behind grooved, striated and polished granite and a variety of 
geological formations.  Unfortunately, do to climate change, 
only 60 to 70 glaciers remain in the Sierra Nevada today, all of 
which are currently retreating.

Photo by Rocky Ehrich, Mt Whitney Portal, 2022
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One of the geological features formed from a glacier is a 
cirque.  A cirque is formed when the upper end of a glacier cuts 
into the floor, side and back walls of a canyon, opposite and/or 
perpendicular to the direction of a glaciers flow.  This “cutting” 
occurs when water seeps into the canyons floor and walls via 
cracks, freezes and attaches onto the the glacier.  When this 
happens the ice essentially acts as hooks for the glacier.  As 
the glacier flows downhill these “hooks” pull and break apart 
the rock that make up the canyon floor and walls.    As the rock 
of the canyon is pulled apart the area of the cirque is enlarged 
and allows for more snow and ice to fill the area feeding further 
lateral growth of the glacier.

Many lakes of the Sierra Nevada fill cirques that have 
formed as a result of this process.  These lakes are called 
tarns.  Additional features that have formed from this glacial 
back cutting process are aretes, cols and horns.  Aretes are 
ridges that form from two parallel glaciers side cutting into one 
another.  Cols are ridges that are formed from the merging of 
two opposite flowing glaciers, cutting into one another.  Horns 
are formed when a peak is created from three opposite flowing 
glaciers, are back cutting into one another.

Photo by Rocky Ehrich, Lake Sabrina, 2022
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Mono Lake covers about 60 square miles and sits to the very 
north of the Owens Valley.  Over 300,000 square miles of land drains 
its rainwater into Mono Lake.  Mono Lake is the oldest lake in 
California and one of the oldest lakes in North America, estimated to 
be more than 1 million years old.  Prior to 12,000 years ago, the lake 
was 900 feet deep.  However, in the last 100 years the deepest the 
lake has been is 169 feet.  Mono Lake has no outlet streams which 
means all the water that flows into the lake is lost only to evaporation.  
The lake is filled with an accumulation of salt and other mineral 
deposits that have flowed into the lake that have no way of escaping. 

One of the most identifying features of Mono Lake is its Tufa 
Towers.  Tufa Towers are formed underwater where freshwater mixes 
with salty alkaline water.  This process occurs when fresh water 
carrying calcium deposits bubbles out from underground springs 
below the surface of the lake and mixes with the carbonate present in 
salty alkaline water and forms calcium carbonate salt deposits, a 
form of limestone.  As fresh water continues to bubble out of these 
springs the salt deposits build upon themselves to form these tufa 
towers.  Tufa towers at Mono Lake range anywhere in age from 300 
to 13,000 years old.

Because tufa towers can only form underwater, none of the 
features visible today were exposed prior to 1941 when the lake was 
at its natural height.  Because tufa towers can only form under water, 
none of the visible towers will to grow as long as they are exposed 
out of the water.

Photo by Rocky Ehrich, Mono Lake, 2022
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Orographic precipitation is the phenomena of air decreasing in 
pressure, cooling and lowering its ability to hold water as it increases in 
elevation.  Conversely, the phenomena of air increasing in pressure, 
warming and increasing its ability to hold water as it decreases in elevation.  
The rain shadow effect is reference to how a mountain influences 
orographic precipitation onto itself and the land surrounding the mountain.  
Because of the Owens Valley topography, the rain shadow effect of the 
Sierra Nevada, significantly affects the Owens Valley and the Inyo-White 
Mountains.  

As moisture-rich air moves inland from the Pacific Ocean, west of 
the Sierra Nevada, an average of only 10 inches of precipitation falls in the 
Central Valley.  As air rises on the western slopes of the Sierra Nevada, an 
average of up to 90 inches of precipitation falls a year.  The mountain 
essentially soaks up all the moisture like a sponge being squeezed of all its 
water.  As the air descends on the eastern slope of the Sierra Nevada, an 
average of as little as 20 inches of precipitation falls a year.  Further east, 
Owens Valley only averages 5 inches of precipitation a year and the White 
Mountains only receive 10 to 12 inches of precipitation a year, which 
classifies the Owens Valley and the Inyo-White Mountains as desert 
regions.  On the leeward side of the Sierra Nevada, in its shadow, is limited 
precipitation and increased evaporation which results in a hot and arid 
region.  Understanding the rain shadow effect of the Sierra Nevada is 
important as we move from studying the geology to the ecology of the 
Owens Valley.  And while the age of the Sierra Nevada batholith is more 
than 80 million years old, the topography of the range as we know it today is 
only about 6 million years old.  Fossils found east of the Sierra Nevada 
indicate that the Sierra Nevada rain shadow effect started 10 to 12 million 
years ago.

Photo by Rocky Ehrich, Owens Valley, 2022
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The Owens Valley Basin is filled with eroded sediments 
that originally generated from both the Sierra Nevada and 
Inyo-White Mountains.  Wind, water, ice and gravity are among 
the leading factors that cause both the mechanical and 
chemical weathering of rocks that lead to erosion.  Because the 
Inyo-White Mountains lay in the rain shadow of the Sierra 
Nevada, the effect water and ice have on rocks can be limiting.  
However, erosion does occur, just at a slower rate than an area 
that receives more rainfall.  Factors that increase the rate of 
erosion in the Inyo-White Mountains is that the mountain itself 
is formed from sedimentary rock, which is softer than volcanic 
rocks.  The limited to non-existent vegetation on the Inyo-White 
Mountains also increases the rate of erosion as plants and their 
roots increase slope stability by holding soil together.

Mountain sediments flow downhill through streams and 
canyons, carried by water and gravity, eventually exiting 
canyons and filling into basins.  As these sediments flow out 
into basins, they lose their momentum and fan outward into low 
angle slopes, following the path of least resistance and filling in 
the lowest areas first.  As sediment continues to flow, the 
sediment will fan out forming what’s called an Alluvial Fan.  The 
water that carried the sediment through the canyons fail to cut 
into the fan because the water will seep into the loosely 
deposited sediment.

Photo by Rocky Ehrich, Inyo Mountains, 2022

Alluvial Fans
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Located in the southern Owens Valley and within the 
Coso Volcanic Field is a geological feature called Fossil Falls.  
Fossil Falls is a 140,000 year old flood basalt that was eroded 
by the fast flowing sediment-rich waters of the Owens River.  

Sediments can make flowing water abrasive like 
sandpaper, allowing it to cut and carve through rock, just like 
the sediments at the base of a glacier.  In order for flowing 
sediments to erode away at rock, the sediment must be harder 
than the rock that forms the base of the river.  The sediments in 
the Owens River were primarily granite, which is harder than 
basalt, that had eroded from the Sierra Nevada due to glacial 
erosion.  As the glaciers melted and the runoff flowed into the 
Owens River carrying the hard granite sediments, the Owens 
River eroded the softer flood basalt.

Walking through a basaltic lava field one will find that 
they are generally not smooth.  Because of this the rushing 
waters of the Owens River generated vortexes that allowed the 
water to essentially drill down into the basalt, forming potholes, 
tunnels and chasms, including the two fossilized ancient 
waterfalls that drop 70 to 80 feet.

Photo by Rocky Ehrich, Fossil Falls, 2022

Erosion
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Sagebrush scrub (Artemisia tridentata) is the most dominant plant 
of the Basin and Range due to many of its adaptations.  Among the 
Sagebrush, other plants found in Sagebrush communities are Bitterbrush 
(Purshia tridentata) and Rabbitbrush (Chrysothamnus viscidiflorus).  The 
scientific species name tridentata refers to both the Sagebrush and 
Bitterbrush having leaves with 3 teeth (lobes), however the color of their 
leaves are quite different.  The Sagebrush has whitish-grey leaves and the 
Bitterbrush has dark green leaves.  Sagebrush also has a distinct aroma.  
While humans find this aroma pleasant, animals do not.  The aroma may 
also operate as an allelopathic chemical to prevent the germination of seeds 
close to its root system.  The bitterbrush is the preferred vegetation for 
native animals like Pronghorn, Bison, and Bighorn Sheep, as well as 
introduced animals such as cattle that have grazed on the land.  Due to 
overgrazing, in some areas Sagebrush is the only plant left in Sagebrush 
Communities.

Sagebrush and Rabbitbrush are great examples of resource 
partitioning.  Resource Partitioning refers to organisms that altering their 
behavior and/or physiology in order to minimize competition with other 
organisms.  While most plants bloom in the spring, both Sagebrush and 
Rabbitbrush bloom in the autumn.  This allows them to limit their 
competition with spring pollinating plants and take advantage of birds and 
insects that pollinate in the fall.

Following the eruption of Mount Saint-Helens in 1980, ash covered 
the Basin and Range.  As sunlight reflected off the lightly colored ash it 
radiated excess heat to the vegetation in the Great Basin, increasing the 
temperature of the plants and increasing the plants rate of transpiration.  
The Sagebrush was able to tolerate these stresses by shedding 75 percent 
of its leaves.  Additionally by chance alone, since Mount Saint Helens 
erupted in the late winter / early spring, the ash did not interfere with the 
Sagebrushes autumn flowering and seeding season.

Photo by Rocky Ehrich, Owens River Gorge, 2022

Flora: Sagebrush Scrub
Sagebrush (Artemisia tridentata)



Pinyon-Juniper Woodlands are often found in the high desert and 
lower mountain elevations.  The two primary species of Pinyon-Juniper 
Woodlands are, as the name suggest, pinyon pine and juniper.  While the 
two plants do occupy the same geological region, they do have slightly 
different ecological niches.  The pinyon pine prefers rockier slopes and 
ridges where as junipers prefer courser soils on upper slopes, meaning you 
may find one species absent of the other dependent on the terrain.  The 
exact species of pinyon pine and juniper vary from one region to another.  In 
the eastern Sierra Nevada, Owens Valley and Inyo-White Mountains, it is 
the Singleleaf Pinyon Pine (Pinus monophylla) and California Juniper 
(Juniperus californica) that make up the Pinyon-Juniper Woodlands.  

Pinyon-Juniper Woodlands experience both cold snowy winters and 
hot dry summers, making pinyons and junipers resilient plants that are both 
snow and drought tolerant.  This adaptation makes Pinyon-Juniper 
Woodlands an important source of food and protection for a variety of 
animals.  The seeds from pinyon pines (pine nuts) and the berries from 
junipers feed animals year round.  In particular, they feed and shade desert 
animals in the summer and feed alpine and subalpine animals in the winter.  

Birds like the Pinyon Jay (Gymnorhinus cyanocephalus) and the 
Clark’s Nutcracker (Nucifraga columbiana) have a mutualistic relationship 
with the woodlands.  The pinyons and junipers benefit the birds by providing 
them food and the birds benefit the trees by dispersing the seeds.  In fact it 
has been documented that these two species of birds have carried up to 5 
million seeds as far as 14 miles away from the parent plant in a single 
season.

Photo by Rocky Ehrich, White Mountains, 2022

Flora: Pinyon Woodlands
Pinyon Pine (Pinus Monophylla)



A Mixed Coniferous Forest contains a mix of conifers and 
winter-deciduous trees like pines, firs, cedars and oaks, whereas a Yellow 
Pine Forest consist of mostly just pines, primarily Ponderosa Pines (Pinus 
ponderosa) and Jeffrey Pines (Pinus jeffreyi).  Mixed Coniferous Forest are 
found on both the eastern and western slopes of the Sierra Nevada, 
however, on the eastern slopes of the Sierra Nevada Yellow Pine Forest are 
more dominant.  A Yellow Pine Forest averages 40 inches of rain a year but 
requires a minimum of at least 25 inches of water a year.  During the drier 
months they rely on sufficient ground water that remains in the soil from 
percolated snowmelt and rain.

While Jeffrey and Ponderosa Pines look very similar in appearance, 
it can be difficult to distinguish one species from another at first glance, 
however, they do have their subtle differences.  Looking at the pine needles 
alone won’t tell you much as they both produce three long needles from a 
single bract.  Looking at the bark of the trees one can start to see some 
minor differences.  Professor Allan Schoenherr mentions that the bark of 
Ponderosas are brownish-yellow and Jeffreys are reddish-brown, but I’ve 
personally found the bark of Ponderosas to have more of an orangish hue 
and Jeffreys to have an purplish hue.  The bark of a Jeffrey Pine may also 
produce a hint of a vanilla or butterscotch aroma,  Ponderosas will not 
produce such aromas.  The easiest way to identify the two trees are to 
inspect the cones.  While the cones may be similarly shaped, the cone of a  
ponderosa is rarely larger than 5 inches and a Jeffrey cone can be as large 
as 10 inches.  If one looks at the scales of the cones, the underside of a 
Ponderosa cone will be dark brown where as the Jeffrey will be a light 
brown.  Lastly, the spines at the end of the scales differ.  The spines and a 
Ponderosas cone point outward and the spines and a Jeffrey cone hook 
inward, making the Ponderosa cone prickly and the Jeffrey cone gentle to 
the touch.

Photo by Rocky Ehrich, Obsidian Dome, 2022

Flora: Yellow Pine Forest
Jeffrey Pines (Pinus jeffreyi)



The trophic structure, or food pyramid, determines the path 
food energy flows through the food chain.  At the base of the food 
pyramid are plants and algae, which are called primary producers.  
While all organisms need food energy to drive cellular respiration, 
only primary producers can photosynthesize and produce their own 
food energy from light energy generated from the sun.   Because 
primary producers can produce their own food energy, they are 
called autotrophs, which means self-nourishment.  

Sunlight, water and carbon dioxide are required to drive 
photosynthesis.  Due to the rain shadow of the Sierra Nevada, the 
amount of water received in the higher elevations of the eastern 
Sierra Nevada is significantly more than in comparison to the amount 
of water received in the desert regions of the Owens Valley and the 
Inyo-White Mountains.  Therefore the total amount of available 
vegetation/food/energy in the Owens Valley and Inyo-White 
Mountains is significantly less than what is available in the Sierra 
Nevada.  As Justus von Liebig's Law of the Minimum states, the yield 
is proportional to the amount of the most limiting nutrient.

The California Juniper (Juniperus californica) is important 
source of food for many different animals of the Owens Valley.  The 
Juniper can be found in the lower elevations of the Sierra Nevada, 
mid elevations of the Owens Valley and higher elevations of the 
White Mountains.  The berries are an available food source for 
animals year round, including humans who use the berries to 
produce gin.

Photo by Rocky Ehrich, Hot Creek Hot Springs, 2022

Primary Producers
California Junipers (Juniperus californica)



On the other hand, animals and insects cannot produce their 
own food energy required to drive cellular respiration.  They must 
therefore get that food energy by consuming other organisms.  
Unfortunately, as energy flows from one organism to another, 
approximately 90% of the consumed energy is lost as heat, and only 
10% of the consumed energy is stored.  This is referred to as the 10 
Percent Rule.

The second level of organisms on the food pyramid are the 
primary consumers.  Primary consumers get their food energy from 
eating plants directly.  The third level of organisms on the food 
pyramid are secondary consumers.  Secondary consumers get their 
food energy from eating primary consumers.  The third level of 
organisms on the food pyramid are tertiary consumers, the fourth 
level is quaternary consumers and so on.  What’s important to know 
is that each level of the pyramid can only sustain 10 percent of the 
total biomass from the level below it.

When putting the 10 percent rule into practice, we can 
determine the total mass of organisms a given area can maintain 
based on the amount of available edible vegetation.  For example, in 
the lower elevations of the Owens Valley that merge with the Mojave 
Desert, less than 1000 lbs of edible vegetation may be available per 
acre per year, therefore that area can only sustain 100 pounds of 
primary consumers, 10 pounds of secondary consumers and a single 
pound of tertiary consumers.

Photo by Rocky Ehrich, Fossil Falls, 2022

Consumers
Common Chuckwalla (Sauromalus ater)



Ecosystems are made up of organisms that mix and interact 
with both the living and non-living environment.  The living 
environment includes both plants and animals and the non-living 
environment that includes light, heat and matter.  Healthy 
ecosystems are efficient at recycling energy and  its resources.

While Mono lake has been referred to as a dead sea due to 
its high salt concentration and lack of fish, that name could not be 
further from the truth to describe Mono Lake.  While Mono Lake is a 
simple yet fragile ecosystem, it remains to be one of the most 
important lakes in the west for migrating birds.  The lake is home to 
many plants, animals, insects and aquatic life that have all adapted 
to its salty alkaline water.  While its true there may only be a few 
species that can handle the salty alkaline water, the ones that can, 
thrive!  In fact the lake is home to trillions of individual organisms.

The trophic structure of the lake starts with its primary 
producer algae.  Algae produces food from sunlight and nutrients 
from dead organic matter.  The only two primary consumers in the 
lake are brine shrimp (Artemia monica) and alkali flies (Ephydra 
hians).  These shrimp and flies feed more than 80 different migrating 
species of birds, including up to 100,000 phalaropes, 1,500,000 
eared grebes, 50,000 california gulls and 100 endangered western 
snowy plovers.

Photo by Rocky Ehrich, Mono Lake, 2022
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A community is composed with a variety of different organisms that 
live and interact with one another in a particular habitat.  The organisms that 
make up a community are not just a random selection of organisms, but 
organisms that have an interdependence on one another for food, 
reproduction and protection.  The relationships between organisms are 
called symbiotic relationships.

Joshua Trees (Yucca brevifolia) are home to a variety of species 
and support numerous organisms in an otherwise nutrient-deficient 
ecosystem.  One organism is the Yucca Weevil (Scyphophorus yuccae).  
Forming a mutualistic relationship with the Joshua Tree, the Yucca Weevils 
larvae feeds on the growing stems of Joshua Trees allowing the Joshua 
Tree to produce new shoots to branch out.  Another organism is the 
Ladder-backed Woodpecker (Picoides scalaris).  This woodpecker also 
forms a mutualistic relationship with the Joshua Tree, feeding on termites 
that infect the tree.  In return the Joshua Tree provides the woodpecker 
protection from its predators.  Fallen trees and branches also provide food 
and shelter to Desert Night Lizards (Xantusia vigilis) and Desert Night 
Snakes (Hypsiglena chlorophaea).

Some species go beyond just having mutualistic relationships.  The 
Joshua Tree and the Yucca Moth (Tegeticula sp.) are two species that have 
coevolved alongside one another and literally could not survive without the 
existence of the other.  Unlike most flowering plants, Joshua Trees do not 
produce nectar and do not attract common pollinators.  The only single 
organism on the planet that pollinates the Joshua Tree is the Yucca Moth.  
The Yucca Moth does not utilize the Joshua Trees flowers for food but as a 
place to lay their eggs.  The moth pollinates the Joshua Tree by collecting 
balls of pollen from one flower and deposits the pollen on the stigma and 
her eggs into the ovary of another flower.  When the flower develops into a 
fruit and produces seeds, caterpillars hatch from the eggs and eat some of 
the seeds before crawling into the ground to cocoon.  For every species and 
subspecies of yucca plant, there is a single species or subspecies of Yucca 
Moth to pollinate that yucca.  The species with matching physiological 
characteristics are the species that are successful at reproducing.

Photo by Rocky Ehrich, Nine Mile Canyon, 2022

Symbiotic Relationships
Joshua Tree (Yucca brevifolia)



Parasitism is a symbiotic relationship between two organisms where 
one organism benefits from the host organism while the host organism is 
negatively affected by the presence of the first organism.

The Red Turpentine Beetle (Dendroctonus valens) infest yellow 
pine trees such as Ponderosa Pines (Pinus ponderosa), Jeffrey Pines 
(Pinus jeffreyi) and Lodgepole Pines (Pinus contorta) that have generally 
been compromised by one or more determining factors.  These factors may 
include trees suffering from drought, trees that are scared from fires, trees 
under attack from a different species of bark beetle, etc..  A distinguishing 
characteristic of the Red Turpentine Beetle is the location they generally 
attack the tree.  Pitch tubes found on the lower bark of a yellow pine is an 
indication of red turpentine beetles.  Pitch tubes are  generated from a tree 
attempting to push bark beetles out off the tree.  A white pitch tube indicates 
that the tree has been successful at excreting the beetle while a red pitch 
tube indicates that the the beetle has successfully penetrated the tree.  
Once the beetle has burrowed into the tree the beetles will lay their eggs 
were the beetle and larvae will feed on the trees phloem.  Because red 
turpentine beetles burrow north and south, they don’t necessarily girdle and 
kill the tree like the western pine beetle (Dendroctonus brevicomis) who 
burrows east and west.

Another parasitic insect to Jeffrey pine is the pandora moth 
(Coloradia pandora).  Female Pandora Moths lay their eggs on the trees 
needles which the larvae then eat.  While as outbreak of the pandora moth 
could kill the trees, Jeffrey Pines have mutualistic relationships with birds 
and small animals that feed on the pandora moth.  The tree provides food 
and shelter for the birds and small animals while the birds and small animals 
protect the tree from parasitic insects.

Photo by Rocky Ehrich, Inyo Craters, 2022

Parasitism
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Generally found on the north facing side of rocks are 
colorful organisms called lichen.  Lichen isn’t a single organism, 
but two or more organisms that have formed a mutualistic 
relationship that benefits all the organisms involved to survive 
as a single unit.  The organisms that make up a lichen unit are 
most commonly an ascomycete fungus and a green or 
blue-green algae known as cyanobacteria.  Within the last five 
plus years it has been discovered that there is a third organism 
present in many lichen as well, a basidiomycete yeast.  In 
these relationships the fungus forms the body of the unit 
protecting the algae and giving the lichen its physical 
characteristics like shape, size and color.  The yeast that 
makes up the cortex of the fungus also adds to the lichens 
physical characteristics.  Algae benefits because on its own it 
can only survive in water, but when paired with a fungus to 
form a lichen, algae gains the ability to survive anywhere in the 
world.  A fungus is generally a decomposer and gets its food 
energy from the organic matter of dead organisms.  However, 
in this relationship, the fungus benefits from the algae providing 
food energy for both itself and the fungus via photosynthesis.  
In North America alone, there are more than 3,600 different 
types of lichen.

Photo by Rocky Ehrich, Owens River Gorge, 2022
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There are three different types of species dispersal patterns 
found in nature.  Dispersal patterns are defined by the placement of 
individual organisms of a set population within a given geographical 
boundary.  The three patterns include clumped, random and uniform 
dispersions.  The most common dispersion pattern is clumped 
dispersions.

Riparian Woodlands display the most clear image of what a 
clumped dispersal pattern looks like.  A clumped dispersion pattern is 
when a group of organisms are found in patches in order to access a 
resource that is not equally distributed over a larger area of land.  
Riparian Woodlands are generally found along watersheds or 
somewhere that water is consistently available year round, providing 
essential nutrients and cooler temperatures versus the common hot 
and dry climate of California.

In the Sierra Nevada, Quaking Aspens (Populus tremuloides) 
are often found in or near streams where the soil is moist.  They can 
be found at elevations as high as 10,000 feet where the trees 
resemble more of a shrub and at lower elevations where the tree can 
grow as large as 80 feet tall.  These trees are colorful in the autumn 
displaying colors of yellow, gold, orange and red.  The leaves are 
high in calcium and provide food for mule deer and bighorn sheep.  
Quaking Aspens are a successional species meaning that the trees 
are usually one of the first plants to return to an area after a fire.  This 
is likely due to the fact that Quaking Aspen trees are not individual 
organisms, but generally a single organism of clone trees that are 
sprouts from extensive root system. 

Photo by Rocky Ehrich, June Loop, 2022

Clumped Dispersion
Quaking Aspens (Populus tremuloides)



A uniform dispersion pattern occurs when individual 
organisms of a population are spaced evenly from one another, like 
the squares of a checkerboard, due to organisms interacting with one 
another.

One of the most common plants of the Mojave Desert that 
stretches into the southern basin of the Owens Valley is the Creosote 
Bush.  Creosote Bush is a drought enduring plant that has large root 
systems and is capable of absorbing water from all levels of the soil.  
The plant has small leaves with a waxy coating to prevent water loss 
through evapotranspiration.  The Creosote Bush has adapted to grow 
a in a uniform dispersion pattern on flat or gentle sloping alluvial fans 
and bajadas.   The uniform dispersion pattern is key to the plants 
survival.  It was once believed that the uniform dispersal pattern 
between Creosote Bush was due to allelopathic chemicals released 
by the Creosote Bush that prevented the germination and the growth 
of other Creosote Bush and plant species within a certain proximity.  
While the Creosote Bush does release allelopathic chemicals, it is 
not a certainty that the chemical actually affects other Creosote 
Bush, but it may prevent other species of plants from germinating too 
close or growing too large.  It is likely the primary reason for the 
plants uniform distribution pattern is due to an equal distribution of 
rainfall across desert basins and the established root systems of 
mature plants prevents the germination of new seeds.

Photo by Rocky Ehrich, Nine Mile Canyon, 2022

Uniform Distribution
Creosote Bush (Larrea tridentata)



An organism's ecological niche refers to its habitat, resource 
requirements and acceptable tolerances.  In order to survive in the high 
altitudes of the White Mountains, an organism must have the ability to 
endure the harshest of weather conditions, including high winds, cold 
temperatures, intense sunlight and long periods of drought.  Despite these 
conditions, they are essential for the survival and the longevity of the 
Bristlecone Pine (Pinus Longaeva).  In addition to the climate, the white 
dolomite soil is magnesium rich, high in alkalinity and lacks the essential 
minerals and nutrients required for most vegetation to grow.  Dolomite is a 
chemically altered limestone that formed from the bones and shells of dead 
marine organisms 650 million years ago, when the western margin of North 
America was underwater.  In regions with more favorable conditions, 
Bristlecone Pines are easily out competed. The harsh climate, topography 
and soil conditions allow the Bristlecone Pines to avoid competition with 
other organisms.  These conditions allow Bristlecone Pines to produce 
dense slow growing wood that allows the trees to resist attacks from 
insects, infections, heart rot and fire.  The distorted Bristlecone Pines that 
grow on steep dry slopes that are exposed to wind blown sand and ice, 
display dead spiked tops, bare polished trunks and limbs, exposed roots 
and thin strips of living bark live longer than the Bristlecone Pines that grow 
in sheltered locations that grow tall and upright.  The gentler conditions 
produce a softer wood, making the trees vulnerable to attacks from insects, 
infections, heart rot and fire.

Mixed in with the Bristlecone Pines of the Ancient Bristlecone Forest 
is another long living pine, the Limber Pine (Pinus flexilis).  Both pines 
produce five needles per bract.  The Bristlecone Pines have dark-green 
needles while Limber Pines have longer grayish-green needles.  Bristlecone 
Pines produce purple cones with bristles on the end of each scale and grow 
from the tips of its branches.   Limber Pines do not have bristles on the 
scales of their cones.

Photo by Rocky Ehrich, Ancient Bristlecone Pine Forest, 2022

Ecological Niche
Ancient Bristlecone Pine Forest



Allopatric speciation is a type of genetic drift that occurs as a 
result of geographical barriers, such as a mountain, river or basin 
dividing individual organisms that were once part of a larger 
population.  Organisms within each new population adapt new traits 
based on the individual demands of their new environments, with 
enough time, the populations may change enough to evolve into a 
new species.

The Rocky Mountain Bristlecone Pine (Pinus aristata), the 
Foxtail Pine (Pinus balfouriana) of the Sierra Nevada and the Great 
Basin Bristlecone Pine (Pinus Longaeva) are all subalpine pines that 
are closely related and share a common ancestor.  These pine trees 
were likely part of a single population of pines prior to continental 
extension and the formation of the Basin and Range.

 Even within the Schulman Grove are Bristlecone Pines with 
slightly different genetic variations.  Two Bristlecone Pines growing 
next to each other living with the same conditions, one grows twisted 
and the other grows upright and tall, similar to the Foxtail Pine in the 
Sierra Nevada.  Most Bristlecone Pines produce purple cones but 
some are producing green cones.  If these trees with different traits 
were to be separated by a new geographical barrier, characteristics 
related to size, color, health, etc. may prove to be either beneficial or 
detrimental in the new environment.  Only the traits that are 
beneficial in the new environment will be passed on.   Traits that are 
detrimental in the new environment will be lost.

Photo by Rocky Ehrich, Ancient Bristlecone Pine Forest, 2022
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Many organisms have various visual markings and colors that 
help protect themselves from their predators.  These markings and 
colors are known as cryptic coloration and  aposematic coloration.  
Cryptic Coloration allows organisms to blend in with their 
environment in an effort to hide their identity, movement and location 
from predators.  Aposematic coloration is kind of the opposite of 
cryptic coloration where the organism possesses bright colors that 
advertise themselves as harmful, poisonous or to have some sort of 
unpleasant trait, essentially saying to their predators, ‘I advise you to 
stay away for your own sake’.  Some organisms have markings that 
are a blend of the two.  An example would the be the Bee.  A bee is 
yellow and black which allows it to blend in with vegetation while also 
advertising to other organisms that they have a painful and 
poisonous sting.

Another visual marking some organisms possess is called 
batesian mimicry.  This is when an organism that does not possess 
any harmful, poisonous or unpleasant traits, mimics the look of 
organisms that do.  Many organisms (including humans) would 
identify the insect in the image on the Rabbitbrush (Chrysothamnus 
viscidiflorus) as a bee, but it is infact a pollinating fly known as a Bee 
Fly.  The bee fly possesses no noxious traits but its survival depends 
on other organisms thinking it does.  

Some visual differences between a bee and a bee fly is that 
bee flies have two wings instead of four, long skinny legs, short 
antennae and a long tongue.  Their flying patterns are also different.  
Bee flies are very fast, agile and some can even hover in mid-air.

Photo by Rocky Ehrich, Fossil Falls, 2022

Batesian Mimicry
Bee Flies (Bombylius spp.)



Native to the Owens Valley are the Numu.  Before miners, ranchers 
and homesteaders moved in to the Owens Valley, the Numu lived off the 
land utilizing the flora and fauna of the Owens Valley for food, shelter and 
clothing.  The also used volcanic rocks like obsidian to create their 
weapons.   When the white settlers came to the Owens Valley they drove 
away many of native animals that the Numu depended on for food.  Out of 
frustration, back and forth retaliationary killings occurred between the Numu 
and the settlers.  Eventually a treaty was signed between the two and it was 
agreed that the settlers would help provide food and supplies to the Numu.  
After the settlers did not hold to the treaty, the Numu drove away 200 cattle 
belonging to the settlers.  Again in retaliation, the settlers killed four Numu.  

In the spring of 1862, 500 Numu gathered to drive the settlers out of 
the Owens Valley, including their 4,000 cattle and 2,500 sheep.  The 
success of this eviction was temporary. In the summer of 1862 the United 
States military returned to the Owens Valley to build Fort Independence and 
destroyed the Numus food supply.  By fall the Numu were starving and were 
forced to sign a new treaty.  Once again filled with empty promises, the 
Numu were forced to flee into the mountains to find food and at one point 
the U.S. military chased 45 Numu to Owens Lake where they executed 
them.  The soldiers were told, “shoot on site and show no mercy”.  

After a year of fighting and roughly 200 Numu had been killed, the 
Numu surrendered.  They turned in their weapons and were immediately 
driven south across the Mojave Desert, walking 225 miles to a reservation in 
Fort Tejon.  Women were raped, the sick were left to die and a few escaped 
at night.  Of the 998 Numu that were taken from the Owens Valley, 850 
made it to the reservation.  For the Numu that escaped and returned to the 
Owens Valley, they ended up working for ranchers and in a cruel twist of 
fate, some of their descendants worked at the Manzanar internment camp 
during WWII.  Some Numu still live in the Owens Valley today trying to keep 
their culture alive.

Photo by Rocky Ehrich, Fossil Falls, 2022

Native Americans
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A gold and silver strike in 1877 caused a population boom in 
the town of Bodie, increasing the towns population to 10,000 people 
by 1879.  At the time, electricity was unavailable in Bodie making 
wood a high demand product and essential to power the gold and 
silver mining operations.  Additionally, Bodie sat at an elevation of 
8,379 feet and had extremely cold winters.  Access to wood was 
essential for heat.  Unfortunately, a third of the wood orders from 
Carson City was not being fulfilled.

On February 18th, 1881, the Bodie Railway and Lumber 
Company was founded for the purpose of harvesting Jeffrey Pines 
and transporting the wood to Bodie.  The company took ownership of 
12,000 acres of the worlds largest Jeffrey Pine stand south of Mono 
Lake.  In May of 1881, construction of the railway began and was 
completed on November 14th of 1881.  The small town of Mono Mills 
was established to support the railway and lumber company, which 
included two boarding houses and 30 small homes that were home 
to 200 people.  In 1892 Bodie gained access to electricity via the 
hydroelectric plant at Green Creek, reducing the towns demand for 
wood.  In 1893 the mills operation were cut back until the mill closed 
permanently on September 6th, 1917.  From 1881 to 1904, a total 
estimate of 67,500 cords of wood were cut by the Mono Mills 
operations.  Pictured is a ravine that was home to the sawmill and 
railway.

Photo by Rocky Ehrich, Mono Mills, 2022
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Following the bombing of Pearl Harbor, President Franklin D. 
Roosevelt signed Executive Order 9066 authorizing the military to 
remove any or all persons from the American west coast who were 
determined a threat or risk to the United States national security.  

“Herd ‘em up, pack ‘em off and give ‘em the inside room in the badlands.  Let ‘em be 
pinched, hurt, hungry and dead up against it… Personally, I hate the Japanese.  And that goes 
for all of them.”

-Henry McLemore, nationally syndicated columnist

Lieutenant General John L. DeWitt of the United States Army 
went on to apply Order 9066 to any and all persons of Japanese 
ancestry.   More than 110,000 individuals were relocated to 
internment camps for looking Japanese, including 70,000 who were 
natural American born citizens.  

You just can’t tell one Jap from another.  They all look the same.  A Jap’s a jap.”
United States Army Lieutenant General John L. DeWitt

Here in the abandoned town of Manzanar of the Owens 
Valley, the United States Army held 10,000 individuals.  It wasn’t until 
December of 1944 that Roosevelt suspended Order 9066 and not 
until 1946 that all internment camps were shut down.

“If anyone, any Nisei, thinks he’s and American I dare him to try to walk out of this 
prison.  There is no place for us.  It’s a white man’s country.”

United State Army Enlisted, Joseph Yoshisuke Kurihara

Photo by Rocky Ehrich, Manzanar, 2022
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Every year trees generate two growth rings, a light colored 
ring and a dark colored ring.  The lighter colored rings are called 
springwood and are generated from the production of larger cells.  
The darker colored rings are called summerwood and are generated 
from the production of smaller cells.  Dendrochronology is the 
science of dating environmental changes, geological events and 
even natural disasters by studying the patterns of these growth rings.  

Dr. Edmund Shulman worked at the Laboratory of Tree-Ring 
Research at the University of Arizona.  Dr. Shulman wanted to 
catalogue centuries worth of this information by studying the rings of 
trees.  In order to achieve this Dr. Shulman needed to find the oldest 
trees in existence.  Dr. Shulman started his research by studying 
large trees in the lower elevations of Arizona before learning of the 
the bristlecone pines in the white mountains.  In 1953 Dr. Schulman 
first visited the Ancient Bristlecone Pine Forest and by the counting 
the rings of the cores he extracted from increment boring, he became 
the first person to document a tree older than 4,000 years old.  Dr. 
Schulman went on to discovered 17 additional trees over 4,000 years 
old and in 1957 discovered the oldest living tree, given the name 
Methuselah, dating back 4,700 years old.  Unfortunately a year later 
Dr. Shulman died at the age of 49.  In 1958 this grove of Ancient 
Bristlecone Pines was immediately named in his honor.  Because of 
the work Dr. Shulman started, dendrochronologist have put together 
a continuous tree ring record going back to 6827 BCE by matching 
the ring patterns of living trees to that of dead trees.

Photo by Rocky Ehrich, Ancient Bristlecone Pine Forest, 2022
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In 1941 the City of Los Angeles diverted 4 of the 6 fresh 
mountain water streams that flow into Mono Lake to the 
aqueducts that bring water to Los Angeles.  Because the lake 
was losing more water to evaporation than it was receiving 
from the two remaining mountain streams the lake dropped 50 
feet, it lost half its total volume exposing 17,000 acres of land 
and is now 3 times saltier and 80 times more alkaline than the 
ocean.

In 1978 the Mono Lake Committee which was made up 
of citizens groups, searched for legal solutions to save the lake.  
In 1983 the California State Supreme Court ruled that the 
Public Trust Doctrine that was established by the United State 
Supreme Court, which was responsible for protecting navigable 
bodies of water, applied to Mono Lake.  The law states “the 
human and environmental  uses of Mono Lake…should not be 
destroyed because the state mistakenly thought itself 
powerless to protect them”.

However, it wasn’t until 1994 the State Water Resource 
Control Board ordered that the water level must be raised 17 
feet within 15 to 25 years.  Yet, nearly 30 years later the water 
level is still below the target elevation of 6,392 feet above sea 
level.  This is primarily due to years of “unexpected” droughts.

Photo by Rocky Ehrich, Mono Lake, 2022
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On August 11 2001 a fire in a Jeffrey pine forest, south of 
Mono Lake, started from a lightning strike that burned a total of 5,570 
acres.  The fire was coined the Crater Fire due to its close proximity 
to the Mono Craters.  The fire burned hotter than most natural forest 
fires do due to decades of fire suppression.  For over a hundred 
years the forest service adopted the policy that all fires, natural or 
not, were harmful and they where to extinguish all fires as fast as 
possible, regardless of the case of the fire.  The side effect of this 
policy was that the forest suffered from the overgrowth of both trees 
and understory vegetation, providing more fuel for future fires.

Those who manage our public lands now understand that 
natural fires can be healthy for many of our ecosystems.  Fires help 
regulate the growth of vegetation, just like a keystone species 
maintains the balance in an ecosystem.   Fires are also important 
and effective in recycling and exposing nutrients in the soil.

After a natural disaster like a fire, there will be a transitionary 
period when different types of organisms will occupy the affected 
area.  This transitory process is called secondary succession. 
Initially, opportunistic and generalistic r-selected species like grasses 
and weeds will boom and take over the area before busting as larger 
plants and shrubs out compete the grasses and weeds before the 
more equilibrial and specialistic k-selected species like trees return 
and out compete all other vegetation.

Photo by Rocky Ehrich, Mono Craters, 2022
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The Hot Creek Fish Hatchery is operated by the 
California Department of Fish and Wildlife.  The Hatchery is 
located within the Long Valley Caldera along Hot Creek 
between the town of Mammoth Lakes and Crowley Lake.  The 
hatchery is California's first warm water hatchery.  The facility is 
fed 9,000 gallons of naturally occurring geothermal spring 
waters from four springs every minute.  Unlike the ponds of Hot 
Creek Hot Springs, the water that feeds into to Fish Hatchery 
remain at roughly 60 degrees fahrenheit year round, which is 
optimal for fish growth.

The three species of fish that are raised at Hot Creek 
Fish Hatchery are Rainbow Trout, Lahontan Cutthroat Trout 
and Brown Trout.  Rainbow Trout is native to North American 
tributaries of the Pacific Ocean.  Lahontan Cutthroat is native to 
the Eastern Sierra Nevada and the Brown Trout is native to 
Eastern Europe but placed in California waters for sport fishing.  
Every year 200,000 pounds of trout from this hatchery is placed 
in Mono and Inyo County Watersheds.

Photo by Rocky Ehrich, Hot Creek Fish Hatchery, 2022
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