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DEDICATED TO:

Bill Howell, my teacher of nature and mentor to many.  He is a naturalist of the highest 
order and has been responsible for the development of Nature Interpreters for the San 
Diego Natural History Museum and Mission Trails Regional Park.  He is my partner in 
Naturesway Productions, a good friend and my role model for teaching natural history.

Jeanne Shenkman, my wife and fellow “nature-nut”. Her support and involvement in 
my creative process is an important part of bringing ideas to complete product.  She is 
my editor, go-for, and sounding board. 

Future generations who will have to deal with the results of the many changes to our 
environment because of industrial development and population increase. 

To all the professionals, volunteers and “nature nuts” who believe we humans are the 
stewards of the planet.



PREFACE

My journey to writing and e-publishing Goldilocks Ecology began in 1990 when my wife Nodie 
introduced me to Canyoneer Betsy Gross. I was near retirement from my civil service career and 
looking to find a retirement career. Betsy recruited me to become a Canyoneer with the San Diego 
Natural History Museum. 

It was in this extensive training for becoming an outdoor nature interpreter that Bill Howell became 
my teacher, mentor and friend. After being accepted as a Canyoneer I led my first hike.  The new 
director of the museum was in my group. Dr. Mick Hager must have had an amusing trip listening to 
this rookie. 

As a gift, Nodie sent me on a cruise around Baja California to see the great whales and to record the 
adventure with a video camcorder. This combination of nature adventuring and documenting the 
experiences on video became my passion and retirement career. Nodie’s real gift was to introduce me 
to the world of videography, editing and production of nature stories. 

1996 was an eventful and troubling time. I retired, was diagnosed with an illness that would be with 
me forever, and lost my second wife Nodie. 1997 was the transition year, moving from County service 
to the responsibility of filling my own time. I transferred from the Canyoneer weekend general public 
hikes to the Friday guides, who lead school groups on nature walks in the wild areas of San Diego 
County.  I met and married a wonderful woman, Jeanne, who introduced me to travel. For the first 
time in my life I traveled the world, camcorder in hand learning about habitats, nature and video 
production. This was an apprenticeship in computer use, video editing and natural history. 

I had a star for my nature videos in Bill Howell. For fun we would go on nature adventures where he 
would interpret for the camera the nature event we encountered. This led to my having about eighty 
completed “naturebytes”. That was the term we devised to describe our short feature videos. 

In 2004 I met Bradford “Bill” White who has a degree in anthropology and is a professional graphic 
artist and web designer. At this time the core team for Naturesway Productions came together. 
My charity production company was ready to roll.  Bill White designed an exhibit for Tecolote Nature 
Center of 85 of my videos. I donated the equipment, design and installation of the exhibit for the 
Friends of Tecolote Nature Center. 

The concept for Goldilocks Ecology system of habitat evaluation was born while on a cruise through 
the Galapagos Islands. Jeanne and I were discussing the similarities and differences between this 
island group and the Pribiloff Islands where we were on our previous nature trip. The Galapagos are 
on the Equator and the Pribiloffs are on the Arctic Circle. Both are hundreds of miles to the west of 
the two American continents, both are volcanic and both have great biodiversity. The questions “why” 
and “what” were our questions about the similarities and differences between these two groups. 
Goldilocks ecology system began with our using ideas from ancient Greeks and alchemists: fire, earth, 
water and air as factors. 

In September 2007 naturebytesvideo.com was launched on the web. It has grown consistently 
from 150 videos to 450 as of 2010. The website's success is evident because it routinely comes up in 
the first page of Google© results for the search term “nature videos”, sometimes even number 1. This 
search engine returns 105,000,000 sites for the search term “nature videos.”



GOLDILOCKS CHAIR

I started a series of videos that required 
making graphics to explain Goldilocks Ecology.  
This morphed into a system of habitat evaluation 
for Southern California. The goal of this web-based 
multimedia approach to ecology is to offer a way of 
understanding natural history that works for all 
educational levels.

This picture shows Goldilocks seated on a 
chair. The three Naturesway Productions websites 
and a Goldilocks Ecology Facebook© Page make 
up the four legs of the chair. All four websites are 
linked for easy navigation. Goldilocksecology.com 
is the leg that contains the e-book Goldilocks 
Ecology in PDF format, and an enhanced website-
based version of the book which includes selected 
videos linked through the graphics.

•  Naturebytesvideo.com is the leg that gives free access to everyone to view these web-
published nature videos. The website naturebytesvideo.com is free and open to all. 

• Natureswayproductions.com is the leg with information about my production charity, 
Naturesway Productions, and its goals.  This charity is the parent organization responsible for 
natural history videos (now numbering in the hundreds), museum exhibit presentations, 
naturebytesvideo.com and the Goldilocks Ecology e-book.  This website also presents a 
description of the total production package, and provides free access to high resolution, 
projection quality videos matching those found on the Naturebytes Video website.

•  Goldilocksecology.com presents the Goldilocks method of Ecology. It is also a free website 
and provides both an online version and a PDF version of the book. Registration is requested to 
download the complete book in PDF format for free.

• Goldilocks Ecology Facebook© Page is the leg for teachers to share with each other. The 
Facebook© Page is a place to communicate how Naturesway Productions data is used in a 
classroom. This page provides open and free access for teachers and educators.

My collaborators and I wish you an enjoyable and productive time using our creations!
Henry M. Shenkman
Author, videographer, editor, producer and naturalist.

USE OF MATERIALS

All material, including text, graphics and video, is copyrighted to 
Henry M. Shenkman, Naturesway Productions. 

All downloads are free. 
No commercial use can be made of any materials. 

All I ask is that you acknowledge my work as a source 
and I as creator of the work.



INTRODUCTION

“A practical method to understand a habitat, a species and a niche.”

Wherever you are there are 9 factors that are acting together to make the habitat and niche you 
occupy at the moment. Seven factors are not alive: sun, air, earth, water, gravity, time and fire. Two 
are alive, these are the biological factors. One group of biological factors contains organisms that are 
large enough to see, the other group you need a microscope to see the organisms. All 9 factors interact 
in time and space. When any factor changes, the species must adapt, move or die. A species is defined 
as group of organisms that are similar and are capable of interbreeding and producing fertile 
offspring in nature. This is the idea of “Goldilocks Ecology.” For a species to thrive all nine factors 
must be “just right”.

I am a grandpa still asking questions.  They are the same questions I asked when I was your age.  How 
come?  What is?  What’s that?  When did?  Why?  Who did?  How do you know?  The curiosity of a 
lifetime has led me to an idea I want to share with you.  Everything you see, hear, smell, taste and feel 
in this world is a subject for the science of ecology.  Everything you encounter in nature is in its 
“Goldilocks just right” place and at its “Goldilocks just right” time.

The Goldilocks story is well known.  Her time in the bear’s house had her looking for the just right 
conditions for her comfort “not too hot, not too cold but just right.” The same is true for all living 
organisms. If the factors in the habitat are not just right the organism is faced with trying to somehow 
regain the Goldilocks just right equilibrium! What would you do if your world changed?



Goldilocks Ecology is a method to seek answers about how organisms in this world of ours get along 
and survive. Goldilocks Ecology demonstrates that an organism has a very specific niche within a 
habitat, a place where all the living and non-living factors affecting it are “just right” or in balance for 
it to live successfully. An organism is affected by both abiotic (non-living) factors and biotic factors 
(other organisms).

Ecology is the study of how organisms interact in 
their environment with both living and not living 
factors. These interactions occur in the area from 
the center of the Earth to where the Earth’s 
atmosphere meets space. Most of these actions 
occur on the surface of the planet.  Scientists 
investigate how these factors influence one 
another. 

For Goldilocks Ecology, I use nine basic factors to 
understand how things are “just right” for an 
organism. These factors help define the organism’s 
niche within the habitat. Seven of the factors are 
environmental factors that are not alive, or abiotic. 

Four of the seven are found in ancient human scientific concepts about the world around them. Many 
early civilizations in Europe and around the Mediterranean Sea believed there were four basic 
elements that made up the natural world. The four elements were: earth, air, water and fire. In 
Goldilocks Ecology these elements are called factors, and I have added three more: sun, gravity and 
time.

To begin the questioning process, I have 
chosen a composite photograph of the earth 
at night from space. It is based on an 
original composite created by NASA of many 
photographs taken of the earth at night. 
Why do we see lights on the surface of the 
Western Hemisphere at night? When were 
the lights first visible from space? Who 
makes those lights shine? What are the 
animals and plants that used to be in the 
dark now doing to cope with the change?

The answers to these questions come from 
ecological science that says human beings 
live in great density and have many electric 
lights to turn night into day. This is new in 
the history of the planet because electric 
lighting was invented one hundred and thirty years ago.  This was when your great, great 
grandparents were alive. Many night organisms have had to change the way they live, and others have 
died as a result of the change of darkness becoming light. The NASA photos of the earth at night from 
space are a dramatic example of the impact man has had on our earth.



GOLDILOCKS Method Of Understanding ECOLOGY 

“A practical method to understand a habitat, a species and a niche.”

Wherever we are things are constantly happening in the habitat surrounding us. Even in the artificial 
habitat of our homes, we use thermostats to keep the temperature where we are comfortable, we 
surround ourselves with entertainment, use appliances to cook our food and refrigerate our 
perishables. We have beds, chairs and tables for our convenience. Insects and pestiferous critters are 
exterminated while we try to control all the factors of this human created environment. We take our 
human habitat with us as we move about, losing contact with the larger environment of Planet Earth.

Control of the environment in the natural world is not what Goldilocks Ecology is about. Learning 
about the factors at play is what Goldilocks Ecology is about! Using this nine-factor method helps us 
see how a habitat is constructed. We learn what lives in a habitat by actually observing the 
environment. Reading books, field guides and internet search help in understanding the habitat. 
Learning from teachers, naturalists and scientists increases our knowledge. Naturebytes Video 
(naturebytesvideo.com) is an additional resource. Trained nature guides use this website to keep them 
up to date for leading nature hikes. 

We are constantly faced with the consequences of human manipulation of the environment. It is 
necessary to understand the wonder of the natural process in order to make proper decisions. Ever 
since the invention of fire-making, tool construction and agriculture the human race has been 
changing the natural way Earth works. Goldilocks Ecology is a method to understand the 
environment and to help us make the best decisions so as not to put our species and planet at risk.

We use the term habitat zones to group together areas of similar habitats. For example the 
Mediterranean habitat zone in Southern California includes: the Southern California zone, the 
California Current zone, the coastal zone, the inland zone, the mountain zone and the desert zone. 
Ocean, coast, inland, mountain and desert zones have many habitats in them.

In Southern California we live in the Mediterranean Habitat Zone. The name comes from the largest 
zone of that type, the environment around the Mediterranean Sea between Europe and Africa. It is in 
the same latitude as California and Baja California.



A Habitat

There are many habitats in Southern California. 
These make a unique place that is recognizable. A 
habitat is usually named for a dominant plant 
species or a plant community (a group of the same 
plants in the area). Sometimes a geological feature 
will be used to define a habitat, like the Mud Pot 
Habitat in the desert zone.  The Coastal Chaparral 
Habitat in this photo is common in Southern 
California. It is a good place to begin our adventure 
to understand how our nine ecological factors 
interact.

Factors in Goldilocks Ecology

Goldilocks Ecology looks at habitat in a systematic 
way to understand the relationships between living 
organisms and non-living factors. Many of the 
Southern California habitats will be presented in 
this book but not all of them.  When you 
understand the mix of factors in a habitat you can 
appreciate the wonder and magic in that place. So 
let us move on to the seven factors that are not 
alive. The factors are sun, air, water, earth (soil & 
rock), time, gravity and fire. None are alive so we 
call these factors abiotic, or non-biological!  These 
seven factors are a part of the environment and 
make the place for life to occur. Some cultures believe that everything we can see and feel is living. 
Some American Indians teach that sun, air, water, soil & rock are alive. We will look into the role of 
each of these abiotic factors in specific habitats of Southern California. To do this we have to also 
learn about the living organisms in those habitats.

In Goldilocks Ecology living organisms are 
classified into two groups.  One group we can see 
with the naked eye, they are the visible organisms. 
In this group are Fungi, Plants and Animals. The 
other group contains microscopic organisms, one-
celled critters, bacteria and protista.  We cannot see 
them with our naked eye because the organisms are 
too small. The inventor of the microscope, Anton 
Van Leewenhoek, called them the “Wee Beasties.”

A Niche

Biological and non-biological factors interact in the 
whole environment. Every species on the planet gets and gives to the total environment from its place 
in a habitat.  This place within a habitat is called its niche. Using Goldilocks Ecology we learn that life 
requires non-life and that some abiotic factors are influenced by life. Every species has its just right 
place in the just right moment in time. Let’s look at the coastal chaparral habitat in even more detail.



Species in a Habitat

All over the coastal chaparral habitat are living 
things. There is no part of this habitat that does not 
have an organism on or in it.  The first picture of 
the coast chaparral habitat looked to be complete 
with sky, shrubs and dirt. Isn’t it now more 
interesting as we add both the non-living factors 
and living organisms?  Using Goldilocks Ecology 
we will strive for a better understanding of the 
ecology of the habitat.

A habitat is always changing. A species has to 
adapt, move or die if the changes are great enough. 
Some species are seen in one part of a cycle of change in the habitat, for example, the changing 
seasons of the year where the amount of sunlight is different every day. Some species migrate into 
and out of a habitat. All organisms adapt to the constant interplay among the factors that make its 
home.  You will see in the next photo how this comes about.

A Contrasting Habitat

This photo shows the coastal sage scrub habitat.  It 
sure looks different than the coastal chaparral 
habitat we saw in the earlier photos. These two 
habitats are on opposite sides of the same little 
canyon. Even though they may be in a similar 
location, these two habitats, coastal chaparral and 
coastal sage scrub, are very different from each 
other!  The controlling factor is sun—one habitat 
faces south and the other faces north.

The south-facing coastal sage scrub habitat gets full 
sun with its slope absorbing the sun’s radiation, 

which is most intense in the summer months. Most of the water received by this habitat evaporates. 
There is little ground cover; there are bare spots with short scruffy plants growing that can stand heat. 

In contrast on the coastal chaparral north-facing slope the sun sometimes does not shine on the 
habitat or is at a low angle so it has less water evaporation, especially in the winter. Here large green 
leafy shrubs stay green all year. The soil is covered with duff, leaf-litter, and decomposing dead 
organic matter which also helps to retain moisture. Organic matter means that the material was once 
a part of a living organism.



A SAMPLE HABITAT

Have you ever been to a place where it so hot that 
you can see water quickly evaporate?  A place 
where the wind is always blowing, sometimes so 
strongly that your bare skin is sandblasted? A place 
where you see mostly exposed sandy soil and few 
plants, where the water you need comes from deep 
wells hundreds of feet below the surface? Have you 
ever seen living plants that are hundreds, maybe 
thousands of years, old that look dead in the 
summer heat? Have you encountered a place where 
time feels like it is standing still? Can you believe 
that thousands of years ago, in this same place, you 
would be swimming in a lake with species now 
extinct? Welcome to the Ocotillo habitat near 

Interstate 8 at the bottom of the Inko-pa Grade and gorge! It is a desert habitat, and the town of 
Ocotillo is located here. 

Living things, people and animals appear to be absent under the burning sun. Daytime is rest time. 
Most of the animals here live in dens underground. Nighttime is the time to move around, seek food 
and mate. If you lived here you would need shelter to protect you in the daytime and keep you warm 
at night. At night, since there is no cloud cover, the temperature can be 40 to 60 degrees cooler than 
the 100 to 120 degree daytime temperatures. Your skin and head have to be covered protecting you 
from sun, dry air and wind. People who come into this habitat unprepared are at risk for serious 
medical problems and even death. No Water–No Life!

The desert habitat of Ocotillo magically transforms after a heavy rain. A few weeks after a storm, 
wildflowers grow and bloom making a carpet of color. Throughout most of the year the Ocotillo plant 
looks like a dead bunch of sticks. With a little rain, the sticks change into beautiful green leafed canes 
reaching for the sky with tips of brilliant red blossoms. Hummingbirds swarm and seek nectar at 
these tubular flowers.

The Cahuilla and Kamia Indian cultures have had thousand years of experience living in this harsh 
environment and successfully thrived here with a stable population. This is a habitat where you have 
to know how to be one with nature! There are several potent factors that make this a harsh 
environment for Homo sapiens.



ABIOTIC FACTORS
Non-living Factors of the Environment

Of the nine factors that are acting together to make the habitat and niche you occupy, seven factors 
are not alive: sun, air, earth, water, gravity, time and fire. Planet Earth is ancient. Scientists estimate 
its age at 4.5 billion years. The seven non-living factors that are working on Earth are as old as the 
planet.
 
Our parent the Sun when it was formed also collected the matter that became the planets. It is our 
star and provides the energy for life on earth. Gravity pulled matter together to form Earth and keep it 
in its place in the solar system. Gravity also layers the earth and atmosphere by the density of the 
matter. Earth’s surface is where a soil of the rock crust provides an ever-changing place where life can 
live. Here is where many of the minerals needed for the life are stored. Water came from space and 
has been held in the atmosphere, on the crust as oceans and on the poles as ice. Scientists call it the 
necessary requirement for life. Air, the mix of gasses surrounding the planet, provides a vast reservoir 
of necessary chemicals, a storehouse of energy and a way to maintain proper temperature and water 
distribution. Time is the factor that provides opportunities and limits for change in life. Its effect on 
the habitat is the most difficult factor to understand. Fire is a chemical process that creates both 
endings and beginnings for a habitat. It plays the roles of death and rebirth.



Sun

The sun is an abiotic factor.  Have you ever thought 
how important the sun is to our planet? Did you 
ever sunburn on a cloudy day? Did you know that 
people used to believe that the sun disappeared at 
night ... and then came back in the morning only by 
their prayers and sacrifices? Is there more than 
light radiation coming from the sun? Do you know 
the relationship between the sun and the Earth is 
responsible for the change in seasons, because of 
the orbit of the Earth around the sun and the tilt of 
the Earth on its axis?  Why do different time zones 
exist? 

The sun is a star.  It is a huge atomic furnace that is fueled by nuclear reactions that spew light and 
other energy into space. Mega-sized explosions occur every second. Energy and matter make the 
journey to other stars, galaxies and most importantly to our planet Earth. We are showered every day 
with energy coming as light we can see, and light waves we cannot see, x-rays and electromagnetic 
pulses.

The Analemma is a map of the position of the sun 
and earth on each day of the year.  The Earth 
circles the sun. The sun and the Earth are always 
moving. The sun and Earth perform a “dance” that 
takes a year because of Earth’s orbit. Because the 
Earth is tilted we have the four seasons.  The orbit 
is not circular but elliptical, a stretched circle.  Two 
times a year the center of the Earth is in a straight 
line to the center of the sun. These events are called 
equinox. Two times a year the Earth and sun are 
farthest apart. These are the times of the sun’s 
greatest angle to the equator of the Earth. 
December 21st and June 21st are the solstices.

Here in the north of Earth the Summer Solstice is when we get the most sun. The Sun is at its highest 
point in the sky and appears to be directly overhead. At the Winter Solstice the sun is in the southern 
hemisphere so we get the least amount of sunshine. The sun is seen lower near the horizon because 
the position is 56 degrees less angle than the summer solstice. The figure 8, an Analemma in the 
photo above, shows the path of the sun for a year. There are series photos that show this exact 
positioning of sun and Earth every day at noon. When photographers merge the 365 photos the shape 
is the figure 8 tilted on its side.

By international agreement the base for the World’s time is set to begin each day at the Greenwich 
England, British Naval Observatory. Each latitude time zone marks when the sun is directly overhead 
and the distance from Greenwich.  The distance the sun travels each hour on the latitude grid results 
in twenty-four such time zones. The beginning time zone is called Greenwich Mean Time.

The Aztec, Mayan, Egyptian and Hindu cultures all are religions that worshiped the sun. Many groups 
of humans explained the meaning of life as tied to the sun. 



Photosynthesis is the process where sunshine is 
converted into food for many organisms.  Sunlight 
reacts with water and carbon dioxide in cells of 
plants and algae to make the food for those 
organisms. Oxygen is released into the air during 
the biochemical process. Photosynthesis is the 
name for this magical chemical reaction. Most life 
feeds on the products made by these green 
organisms. Your diet of vegetables comes from the 
starches and sugars, carbohydrates, is made by 
these cells. What you eat and breathe is actually the 
energy from sunlight in a different form. Plants and 
animals like the just right amount of sunlight—not 
too much and not too little, not to soon and not too 
late but just right for that time of the year. 



Air

Another abiotic factor is air.  Have you flown a kite 
understanding why it stays up in the sky? Why 
when you fly in an airplane do your ears pop?  How 
come you see birds climbing in the air gliding in 
circles? How do you know when a storm is coming? 
Are you curious about the different kinds of clouds?

Air is an envelope of a mix of gases that surrounds 
the planet. This is the earth's atmosphere and is 
made up of mostly nitrogen, oxygen, carbon 
dioxide, and a host of other elements, including 
water. We cannot see the gas in the sky because it 

looks clear. We can feel it as it blows over our skin, and breathe it in and out of our lungs. We can see 
its movement in the waves on the water, leaves and fields of grass. We see particles mixed in with the 
gases in dust clouds, water clouds, and smoke. When the sun rises and sets the colors are from 
particles in the air.  Air is one of the great transporters of energy, gases, nutrients and pollutants in its 
envelope. 

Air moves heat and cold around the world. In Southern California the season’s air moves from each of 
the four major points of the compass. The Santa Ana winds are easterlies coming from the hot desert, 
the winter arctic express is a northerly, spring gloom season clouds are westerly and the summer 
monsoon season originates in the south. Some reasons for the different weather patterns in this 
region include the effects of mountain ranges on the coast and in the middle of Southern California. 
The shape of land influences movement of air flowing over it.  Micro-climates are factors in different 
habitats because of the influences of air and the other six abiotic factors. The elevation of the habitat, 
the exposure to the sun, the kind of soil and the effects of the moon on gravity all help air shape a 
habitat.

Fall

The Fall season is generally hot and dry. 
Also in the fall, the hot air of Santa Ana 
windstorms come from the desert and blow 
westward over the mountains into the 
coastal Southern California region.



Winter 

The Winter in Southern California is cool 
and wet. Cold air rushing from the North 
contains water that condenses. This provides 
rain, sleet and snow during the winter 
season.

Spring

The Spring brings cool and cloudy nights 
and overcast days. Cool damp low-lying 
clouds flow inland from the ocean.

Summer

Summer is hot and dry. This is the famous 
beach weather at the coast.  In the desert 
and mountains hot wet air from the Gulfs of 
California and Mexico can bring sudden 
heavy rains and thunderstorms from July to 
late September. This flow of air comes from 
the south.



From east to west, San Diego County rises in about 
60 miles from sea level to mountains 6500 feet 
high. Then from those high mountains, a few miles 
to the east the land drops away to below sea level. 
Imperial County is a big shallow bowl that goes east 
from the San Diego County line to the Arizona 
border at the Colorado River. The mountains block 
moisture-laden air creating a dry area called a rain 
shadow. In that dry rain shadow area are the 
Colorado Desert habitats. Rain shadows are behind 
the San Bernardino, Sierra and Tehachapi 
Mountains.

You can’t see the air in the atmosphere but you have learned how to understand where and what it is. 
You are smart and have learned how to determine the nature of air by the way other factors react to it. 
All year round on hot days you can see the hawks and vultures riding the hot air currents in a spiral up 
into the sky. We see pelicans riding the air currents above cliff faces and breakers at the ocean.  When 
we climb into the mountains and walk or run we often find that we are short of breath and tire 
quickly. This is because there is less oxygen in the thin mix of gases as we go to higher altitudes. You 
know how many clothes to put on or to take off by looking outside. Playing with kites and model 
airplanes or by watching birds you know that air is a really a gas with varying weight and density, and 
know how heavier things can stay aloft. Like the other six abiotic factors, air is a very important part 
of habitats, helping to make things Goldilocks “just right” for the species there.



Earth

Another abiotic factor is Earth.  Earth, has two 
meanings. One meaning is our planet Earth, 
referring to the planet. This use is capitalized. We 
also use the term earth to mean the rock, dirt and 
soil under your feet. This is written in the lower 
case.

Where did the Earth come from? Why is some 
ground hard and other soft and squishy? Are pretty 
round rocks your favorites, where do you find 
them? Some rocks you pick up have different kinds 
of markings and some are slick and glassy. Why is 
that so?

Earth Layers 

The Earth is a layered sphere twirling in space. The core 
of the Earth is an iron nickel ball that is solid and hot. The 
next layer is the mantle made of lighter material that is 
cool and solid in some areas and hot and liquid in others. 
The top layer, the crust, is the part of the Earth that we 
live on. This layer covers the surface both under the 
oceans and on the surface as land.

Geologists who study the Earth classify rocks into three kinds. They are called Igneous, Metamorphic  
and Sedimentary.

Igneous Rock

Igneous rock has cooled and crystallized from hot, liquid 
rock called magma. The magma rises to the surface in two 
ways. One creates volcanic rock, otherwise called 
extrusive rock because it breaks the surface of earth as a 
hot liquid.  This is the most exciting way rock reaches the 
surface, in volcanoes, where the hot liquid rock flows onto 
the surface in big layers or explodes through the air. The 
other way magma raises creates plutonic rock, also known 
as intrusive rock.  This is when the molten rock does not 
actually reach the surface and cools very slowly, miles 
underground. The magma slowly cools below the surface 

instead of reaching the surface and pouring from a volcano. This molten rock forms a pocket below 
the surface called a pluton. Because the magma has such a long time to cool, it allows for large crystals 
to form in the rock and some minerals to settle together. One kind of this plutonic rock is granite. It is 
exposed as ground above it wears away, eroded, over time.



Sedimentary Rock

Sedimentary rock is formed when rocks at the surface 
have been eroded. These smaller rocks, sand, silt and clay 
are moved into low areas being pulled down by gravity. As 
this material stacks up it is cemented together by minerals 
in water. Sandstone and mudstone are sedimentary rock.

Metamorphic Rock

Metamorphic means to change. Existing sedimentary, 
igneous and metamorphic rocks can be changed by heat, 
pressure or chemical action or by all three over time. For 
example limestone is changed to marble, mudstone is 
changed to slate and granite is changed to gneiss. 

Soil

Soil is a mixture of a variety of eroded rock along with 
organic matter, which is made up of dead plants and 
animals, bacteria and other organisms. The particular 
type of ground made up of rock, soil, sand, silt and humus 
on the top of the Earth determines the kind of plants that 
can grow. Tall trees need to bury their roots into deep soil 
for water, nourishment and for support. Grasses have long 
roots and need soft soil to grow quickly. Small plants grow 
in the cracks of driveways with just a little water and a 
little exposed soil.



Water

Another abiotic factor is water. Did sweat 
evaporating from your skin ever chill you? When 
you learned to swim did you first sink to the bottom 
of the pool? Have you ever wondered why ice floats 
in a glass of water? Why do big ships stay afloat? 

Water is a chemical compound made up of one 
atom of hydrogen and two atoms of oxygen bound 
together to form one molecule of water (H2O).  As 
the sun heats water it changes from a liquid to a 
gas.  Often H2O in gas form is called water vapor. 

The gas weighs less so it rises into the sky. Wind moves the warm moist light air as you learned above. 
Because water vapor cools when it rises into the higher cold air. It condenses from a vapor into a 
liquid making clouds. When cooled, it condenses and becomes heavier. Then it rains or even changes 
into a solid becoming sleet, hail or snow.

The three states of water are: liquid, gas, and solid.  At 32 
degrees Fahrenheit or zero degrees Celsius the molecules 
of water contract. Water does not act like the other 
chemical compounds. When it is ice it is less dense than 
when it is a liquid. If ice were like other compounds it 
would sink to the bottom of the ocean. 

This photograph of the Planet shows just how much water is part 
of the environment.  No water-No life!  Water is called the liquid 
of life because all of life must have water to survive. Our human 
bodies on average are made up of about half to sixty percent 
water, based on body-weight. Our planet has more water than 
land. Huge oceans and seas surround the smaller land areas our 
species calls home. By changing from a solid to a liquid to a gas 
and back again, water absorbs heat from its surroundings and 
then gives it off. Water is a very important factor in keeping our 
planet at a safe temperature range for life.  
So far, scientists have not found another planet in the universe 
with the right amount of water, oxygen or temperature to 
support life. We live on the Goldilocks Planet!

Water changes the shape of the surface of land. Rocks are broken down by chemical, mechanical and 
thermal actions of water. Broken slabs of rocks, boulders, cobbles, pebbles, sand, silt and clay are 
moved from one place to another. This is done with the power of water flowing down hill because of 
the pull of gravity. Mountains erode. Water in rivers brings broken rock to deltas where wetlands 
abound. 



Plants use water in the soil. Plants have adapted many ways to get the water they need. These 
organisms need a niche in a habitat to survive. The Niche is a “just right” place and time for an 
organism to make its home. The Creosote bush has adapted to send its roots down deep into the hot, 
dry soil to get any water it can. This shrub lives in the driest part of the desert. It grows very slowly. In 
the near coastal habitat of the ocean, giant kelp is one of the largest of Earth’s organisms. No part of 
the alga is rigid so that it can rise and fall with the tides, sway with the currents and survive strong 
storm surges. In coastal salt marshes, pickle weed removes salt from water when it is bathed in ocean 
salt water. It does well when the water becomes brackish (salt and fresh water mix) yet can even live 
in fresh water for a short time.

Your need for water is very important! Stop and think of the many times you use water every day. As 
long as you live you need water every day, every month and every year.



Time
 
Time is the next abiotic factor. Why does time feel 
different; when you are bored it is slow, when you 
are having fun it is fast? Does your dog or cat have 
a clock in them so they know when to expect their 
food or walks for a bathroom break? How did 
astronomers calculate the time of the light year? 
What is the clue for trees to drop their leaves for 
cold and snowy weather? 

Unlike the other five factors time is hard to 
understand, because it deals with the past, the 
present and the future. We have many different 

ways of dealing with it by using many different concepts of time.  Some of these kinds are clock time, 
astronomical or celestial time, geologic time, generations, seasons and life cycles.

All of these are ways of measuring time in a linear way. Time is special because it is measured from 
the past through the present into the future. We cannot change what happened and can only influence 
the future. We should try to understand the past, pay attention to the present and plan for the future. 
Time is like a movie, not a snapshot ... you can’t press rewind!

For instance, a year ago and a year from now are both an equal measure in time from this moment. If 
it takes 20 minutes to go the distance from your house to the store, it would take just as much time to 
return home. Measuring time in a linear way is very practical and useful to us, as it has been since 
man began measuring time.

We have clock time where time is measured in seconds, minutes, hours. Geologic time measures the 
age of rocks and the age of change to those rocks.  We have celestial time based on the movement of 
the planets, moons, stars and galaxies. It uses a time frame of light years. A light year is the amount 
of time it takes a particle of light to travel in one year. It travels approximately 5,879,000,000,000 
miles in that year. 

Lets pause for a moment to include an important and very different concept of time.  We can't talk 
about time without including the theory of relativity. A century ago, Albert Einstein, a famous 
physicist, proposed the theory of relativity. He theorized about the effect of time in the universe. He 
described how time is relative! In simple terms that means that time changes in different situations 
and places. 

We have atomic time, which allows us to measure time in a very precise, very accurate way. Cesium 
atoms, such as those found in old lake beds, are used in atomic clocks. The electrons move very 
quickly and very regularly. The clock counts when an electron escapes. Uranium changes to lead at a 
steady and measurable rate. Measuring amounts of radiation emitting from old bones tells us how 
long ago fossils lived. 
 
Using many different methods scientists have measured the age of the Universe. Approximately 13.75 
billion years is the age of the Universe. Planet Earth is estimated to have been in existence for 4.6 
billion years. The surface of the Earth in Southern California is measured in time to be over 125 
million years old. The San Andreas Fault began moving southern California northwest around 20 
million years ago. The last ice age ended about 10 thousand years ago.



Most natural processes take time. Biologic time is often measured in generations, stages in life cycles 
and seasons. People often look at their lives in terms of generations, a generation being the time it 
takes a baby to grow to an adult and have babies of their own. A good example of biologic time in the 
natural world is the life cycle of the grunion, a small fish native to Southern California and the 
northwestern part of Mexico.

The grunion is a small fish that lives in the surf off the shores of Southern California. It spawns during 
the high nighttime tides at the new moon and full moon.  For five nights at each part of the cycle they 
rush onto the beach on one wave, lay and fertilize eggs and return to the ocean on the next wave.  The 
eggs hatch when salt water reaches them during the next high tide cycle. 

     Grunion mating at high tide on a sandy beach.   Grunion eggs in sand awaiting the next high tides.

                            Grunion eggs maturing.                                            Grunion hatchlings.

It takes time for an egg or seed to become a mature organism. Timing is set in the biologic clock called 
the Genetic Code (DNA) that all organisms are born with. The genetic code determines the timetable 
and map of how that individual will live, make its next generation and die. The Torrey pine tree takes 
three years to make its seed, while Bermuda grass takes a week. The white-footed mouse only lives a 
year, the coyote for 12 years and humans for 80. 

The Spadefoot Toad can wait for many rainy seasons under ground. This toad thrives in a unique 
seasonal habitat called a vernal pool.  When a vernal pool gets the “just right” amount of water these 



burrowing frogs will emerge. They need three weeks to mate, lay eggs and to raise the next generation. 
Then old and young dig into the vernal pool soil and wait for the next cycle.  A vernal pool is a special 
habitat because it acts like a tub catching rainwater. Evaporation and time change the pool to a 
muddy patch of dirt and then to a soft clay soil area with small plants. 
 
Have you ever paid attention to the life cycle of a sunflower? Over three months you see the first shoot 
come up through the ground, the stalk and leaves develop, the flower buds, the flowers bloom, the 
bees pollinate, the seeds form, the petals drop, the seed head falls apart, the stalk breaks off at the 
ground and the seeds wait for the next rainy warm season to start all over again.

Have you watched an area at different times on a single day? People see different sets of organisms 
each time they look during the 24-hour cycle. Each organism has its “just right” time to be active. 
When you look every day at the same times you can see the same animals in their niches. When are 
you most active: daytime, at sunrise/sunset or at night? Scientists use different words for different 
times of the day. Diurnal means daylight. Crepuscular means sunrise and sunset. Nocturnal means 
darkness. 

Trees prepare for cold and dark days by dropping their leaves because the daily hours of sunshine 
decrease. Chaparral plants in a Mediterranean habitat zone plant community shut down for the hot 
dry season when temperatures climb as daylight hours become longer.

How much time does an organism need to rest? When is the best time to feed? When are predators 
out and searching for food? How long will you live? How long do you need to take care of your 
children? These are the questions all organisms would ask if they had the capacity to do so. 

To understand a habitat, a niche and a species we have to understand that time is an important part of 
the environmental mix, a part of every living thing’s life cycle!



Gravity

Another abiotic factor is gravity. We do not sense 
it because it is constantly playing its role. Scientists 
know what gravity does but cannot describe what it 
is. Why do you always fall down--never up? What 
keeps the ball you throw from going around the 
world? Did your ever go down a water-slide really 
slowly? When you watch daring deeds on television 
does gravity often play a part in the stunt? Gravity 
is the factor that keeps our feet on the ground, the 
Earth in its place in the solar system, and keeps our 
solar system where it belongs in the galaxy. 

Gravity is a factor that causes erosion. Mountains are eroded because of the pull of gravity. Water falls 
from the sky, runs in streams and rivers cut through the Earth on its way to the ocean because of 
gravity.

A steel ball and a feather fall at the same rate in a vacuum, a 
space with no air or other gases. In our Earth’s air the feather 
floats down and the ball drops quickly. Because of the resistance 
of and density of the air, the feather spreads its weight over a 
larger area than the denser steel ball. A parachute is a perfect 
example using a large area of air to support weight so that a 
descent from altitude is slow. 

Every living thing on the planet is affected by gravity. Every 
species has made some adjustment to it. The flying squirrel has a 
skin that makes a flap like a parachute so that it can glide down 
from tree to tree. It must use energy to climb up but it uses gravity to sail down. It glides forward on a 
cushion of air.

Gravity sorts elements based on density (the mass of a substance per unit volume). Hot air is less 
dense than cold air so it rises. Gold sinks to the bottom of lakes and streams because it is very dense. 
Change in density is an important part of the water cycle. Water changes from a solid to a liquid and 
to a gas and back again. This allows water to cycle from the ocean, to the air, to the land and back to 
the ocean.

In the Cosmos, which is the entire universe, our sun and the Goldilocks Planet are moving in orbits 
assigned by gravity. The Sun is on the arm of our Milky Way Galaxy.  There are billions of galaxies in 
the universe. They move under the control of the Laws of Gravity. Gravity holds the Earth in space. 
The moon stays in its orbit by gravitational pull from the Earth. Because of different densities of 
rocks, patterns of air movement and water moving around, the effects of gravity are different. The pull 
is the same but how an environment reacts to that pull is very different.



Electromagnetic Energy

Our planet has an electromagnetic field around it. 
An electromagnetic field is a place in space where 
magnetic energy is generated by the movement of a 
rotating dense sphere. For Earth it is the dense 
solid inner core and the melted outer core moving 
around the spinning center that creates the field. 
The results are moving electric charges that you 
cannot feel or see.  Have you played with two 
magnets and seen how they can either come 
together or fly apart when you try to push them 

together? This demonstrates what an electromagnetic charge is. Because of the electromagnetic field 
around the planet many harmful types of energy from the sun for plants and animals do not reach the 
surface of the planet. 

When the Solar Wind, which is solar electromagnetic energy flowing from our star, and the poles of 
the Earths electromagnetic field meet there is often a brilliant light show. These events are called the 
Aurora. During huge solar storms the aurora can sometimes be seen in Southern California.



Fire

Fire is another abiotic factor. It is the great changer 
of the habitat. Have you and your parents had to 
evacuate your home because of the threat of 
wildfire? Have you been in the local mountains and 
foothills seeing the results of burns? Do you know 
when the California Department of Forestry 
declares ‘Fire Season?” Isn’t it strange to be able to 
see the sun as a dim orange ball through thick 
layers of smoke? How about those pieces of ash 
that floats through the air?

Your senses notice the last of the abiotic factors. 
Eyes smart and tear, nose itches, you cough and you want to run away. Fire dramatically changes the 
habitat. The role of fire is metamorphosis (change). The way something is before a fire and how it is 
after the reaction are very different. This change is very important in habitats. Southern California 
Chaparral Zone is a habitat that often has fire. Fire is an unusual factor of the environment because it 
is a chemical reaction. Fire needs three things: fuel, oxygen and heat. 

The cycle of growth starts after a fire. Some flowers only bloom after a fire and roots sometimes re-
sprout. The ash from the fire has many recycled minerals that make a pioneer stage of the habitat 
where plants grow quickly.

Ceanothus chaparral after a burn.

Wildflowers growing after a fire.



Maturing Ceanothus chaparral after 10 years.

Next the shrubs grow larger. The annual wildflowers of the pioneer stage plants do not return after a 
few years.  This step takes several years. The last stage is the mature elfin forest where things are 
stable. As chaparral ages some shrubs die, but the habitat remains a healthy community. Old-growth 
chaparral can have beautiful shrubs up to twenty feet high. There are dead limbs, loose leaves with 
duff, which means broken down plant and animal parts, on the ground. This mature habitat has more 
burnable material that is ready to burn again especially during the fall high winds of Southern 
California.

Fires often happen during the fall; locally called the Santa Ana season, when strong, hot winds from 
the desert blow toward the west, flowing over the mountains and across Southern California. These 
hot winds dry the vegetation. Winds increase the amount of oxygen to fuel a fire. Often these fires 
used to start from lightning but now are mostly caused by humans. 

Humans have long employed fire to manage their environment for both agriculture and hunting. 
Local Indians burned the landscape to encourage special plant foods to grow. Indians were able to 
find more of their favorite pioneer stage foods after the controlled burn.

Many other habitats in the world exist where humans create farms. The slash and burn process is a 
famous farming method especially in forests and jungles. The removal of large forests for farming is 
increasing the amount of carbon dioxide (CO2) in the atmosphere. More CO2 in the air has the 
negative impact by increasing global temperature.

Fire is the part of the environment that brings immediate change. Some plants and animals have a 
niche that occurs in only one part or at one time during the cycle of rebirth following a fire. Habitats, 
like the organisms that live in them, have cycles of birth, youth, maturity, death and rebirth. Fire often 
is the end and beginning of this cycle.



BIOTIC FACTORS
Living Factors of the Environment

The Organisms

Why are you an animal? What living organisms do you enjoy looking for? Do you know how a living 
organism decomposes when it dies? Do you have a pet? How do you relate to it? Have you ever 
snorkeled with the fishes?

DNA (the code that determines an organisms way of life) is in all living things and it predates the 
bacteria. A single strand of DNA is not considered to be alive. These tiny strands of proteins are the 
building blocks of life. Taxonomy is the study and classification of living things. A five-kingdom 
system was the standard way to look at biology for many years. There is general agreement in the 
classification of the three visible Kingdoms: fungi, plants and animals. There is some disagreement 
on how to classify microscopic living organisms because of new advances in science. Microscopic-size 
organisms are being scientifically studied with light microscopes, electron microscopes, DNA analysis, 
computer simulation and elaborate experiments. The question of what is life has become more 
complex as scientists have learned more. 

The microscopic organisms may now include many new organisms that were unknown. Now they 
need to be classified. A great amount of new data about the invisible living world is being evaluated. 
How scientists will settle the issue of what is a species and where it belongs will be an ongoing debate. 
Science’s goal is to get the classification placement of species in the right order. Taxonomists are 
scientists who spend their time trying to get the lists just right.  



Microscopic species start the biological cycle by colonizing a habitat. The smallest and most abundant 
organisms on Earth prepare the way for the rest of life to find a home. Some are one-cell organisms 
such as bacteria and algae.  Microscopic organisms, fungi, plants and animals through bio-chemical 
interactions with the abiotic factors provide the nutrients for the other more complex biota, living 
things.



THE MICROSCOPIC ORGANISMS

“Wee Beasties”

Bacteria  (Monera)

The biological factor, bacteria are thought to be the 
first organisms to live in a habitat.  Why do you 
have more bacteria in and on your body than you 
have cells? Does anti-bacterial soap kill the good 
bacteria? Did you know that bacteria eat oil?

Bacteria are the smallest, oldest and most common 
organisms in and on the Planet. They are single 
celled. Bacteria are so old scientists do not know 
when they first appeared on Earth. One type of 
bacteria is super-important to the biota. They are 
called Cyanobacteria. They metabolize energy into 

starch, sugars and oxygen by photosynthesis. Their evolution is quite old and their activities freed 
enough oxygen from earth to change the atmosphere 3.5 billion years ago. Bacteria evolved to make 
current life on Earth possible. Evolve is the term we use for a change in a species over time. 
Cynobacteria are thought be the parents of every oxygen-breathing organism.

We Homo sapiens have mostly good bacteria living on and in us. They use symbiosis with us to digest 
food, fight infections and balance our bodily functions. Ever since Medical Doctors developed the 
germ theory of disease we have been aware of the infections caused by bacteria. This has made many 
people afraid of bacteria. The truth is that our ability to live is based upon the good work bacteria does 
for us every second we are alive! A habitat has as its largest density most common organism bacteria. 
Of all the living organisms they are the most influential and least seen biological factor.

Protista 

Another biological factor are the protista 
organisms.  By the process of evolution, about two 
and one half billion years ago, a control center 
formed in a single cell. This is called the nucleus. 
This resulted in a more complex group of 
organisms than bacteria. All higher groups of 
organisms have this adaptation.

Protista organisms play their role in the habitats. 
These “wee beasties” are mostly beneficial to the 
aquatic parts of the world.  Some are green and 
release oxygen and store carbon in our oceans. 

When they die their bodies and the carbon they contain falls to the bottom of the sea. 

Scientists have discovered that by storing carbon and releasing oxygen in great, great quantities, 
plants and green protista help reduce the amount of carbon dioxide in the air. These little organisms 



are important in keeping the temperature of Planet Earth in a range that is “just right” for life. 
Research about the role of blue green algae has taken on more importance as worries about climate 
change have increased.

Some of these little organisms are harmful to animals.  Malaria and African Sleeping-Sickness are the 
most infamous diseases. Many diseases of plants and animals come from species in this group.



THE VISIBLE ORGANISMS

Fungi, Plants and Animals

Fungi

Do you eat bread and mushrooms? Have you had 
Athlete’s foot? Have you seen toadstools growing in 
the grass in front of your house? Has you mother 
prepared Portabella mushrooms and do you like 
them?  The biological factor of fungi is the next 
sub-kingdom to investigate.

Fungi are multi-celled organisms with cells that 
have nuclei. They live in or on other organisms and 
dead things. Spores rather than seeds are their 
reproductive method. A fungus can be both helpful 
and hurtful to other living things. These species do 

not photosynthesize sunlight into starches and sugars.

Helpful yeasts make bread, beer and wine for us to eat and drink. They change milk to cheese.
The fungi are the major decomposers of the habitat helping to recycle the basic nutrients for other 
organisms to use. Mycorrhiza help plants obtain nitrogen for their respiration. One way to look at 
the fungi is to see them as one of the biochemistry factories of the habitat. 

Some spores can give you Athlete’s foot and other itchy/scratchy problems.  Some mold and yeast 
infections can be deadly in humans. A fungal infection is often difficult to cure because of the close 
cellular similarities between these organisms and their hosts, animals and plants.

Plants  (Flora)

This plant biological factor is a more complex than 
fungi so let’s learn about it.  What is your favorite 
vegetable to eat? Have you climbed any trees 
lately? How much plant material do you think is in 
your house? Do you mow the grass at your house? 
Does your family have a pretty flower garden? Are 
fruits among your favorite foods?

In the plant kingdom, most organisms 
photosynthesize. They do not move, are multi-
celled with all cells having a nucleus. They use 
many different methods to reproduce and often 

enlist the aid of water, wind, and animals to move their pollen from plant to plant. Changing sunlight, 
carbon dioxide and water into starch and sugar is incredibly important. You might think that process 
is magical. Plants along with the many “wee beasties” in the oceans magically convert sunlight into 
food for the rest of the habitat. This is a huge group of species. It is so large that the kingdom is 
grouped into divisions and then even more sub sections until a single species of plant is named. 



When humans move plants from one habitat to another, sometimes the new plant is better suited to 
the niche than a native. This creates the problem of invasive species. The invader can change the 
habitat as the new species takes over the niche from a native. Human control through modern 
farming and timber harvesting has created artificial monocultures, Habitats that are designed for one 
species. Much of a farmer’s time and money are spent fighting with nature to make this artificial 
habitat productive and profitable. Often the pesticides and fertilizers are not used up in the 
monoculture so they change the surrounding habitats.  

The biological factor of plants has a big impact on habitats. The study of plants is called botany. Much 
of the science we know and use today comes from intense studies happening ever since humans 
developed the ability to think.

Animals  (Fauna)

The biological factor animals evolved to eat plants 
and animals.  Do you have a favorite animal? Are 
you attracted to the predators or the prey in the 
animal kingdom? What animal do you most 
admire? Do you know anyone who is a vegetarian? 

After the plants evolved then came the animals. 
Some animals eat plants.  They are called 
herbivores. Some animals eat other animals, 
carnivores. Some eat plants and animals, 
omnivores. Some species eat dead organic material 
from previously living organisms, decomposers. 
The study of animals is called zoology.

Animals have mobility, are multi-celled that have nuclei. These biological factors do not 
photosynthesize. A big roll for animals in the habitat is helping other organisms with reproduction. 
Animals pollinate plants, distribute spores and seeds of so many other species that they are the mixer 
of habitats.

Today with modern airplanes and ships, the movement of species around the world is happening very 
quickly. The problems of invasive species and farming, man controlled habitats, are changing the 
natural order of “Goldilocks just right” habitats.  We humans are animals that are omnivores, just like 
pigs, rats and possums. Homo sapiens are mobile and capable of entering almost every habitat not 
only on the planet but even in space.

Major differences between animals and plants are that plants stay in one place; animals move about. 
Plants photosynthesize.  Animals do not.



HOW DIFFERENT SPECIES RELATE TO EACH OTHER

Symbiosis

Symbiosis means, “different organisms living together”.  This way of life has three kinds of 
relationships.

1. Mutualism means both organisms need each other. Each benefits. Examples are the 
yucca moth and the yucca plant. Lichen is made of a fungi species and an alga. The host and 
guest need each other to survive. 

2. Commensalism means that there is host organism that allows another organism to 
live in or on it. The host generally does not get anything from the relationship but the guest 
species benefits. The host is strong enough to keep the guest species around with no effect on 
its survival. Moss and orchids growing on tree trunks are examples, as are mites living in your 
eyelashes and barnacles on whales.

3. Parasitism is when a host has a guest species living on or in them that can be harmful 
to the host. The parasite species targets the host because of special ways it evolved to get into 
or on the host. Most parasites do not kill the host. Examples are, mistletoe on oaks and malaria 
protozoa in mosquitoes and humans. The host has to be strong so both species can exist.

All living things have some of these relationships working in one way or another. Think of the termite 
and internal wood-eating bacteria in its gut. Neither could live without the other, mutualism. The pine 
trees with wolf lichen living on their north side are an example of commensalism.  If your pet ever had 
a tapeworm in its digestive tract, that is another example of parasitism.

Decomposers

Some organisms eat, break down, and recycle dead biological material. These are decomposers.  
Examples are fungi such as mold and some bacteria.

Competition

Competition for resources is another way animals react to each other. Mating by members of the same 
species often requires individual organisms to fight to win the right to put its genes in the species gene 
pool. Species competing over food resources is common in many habitats. Plants crowd out less hardy 
plant species for water and nutrients. This is a strategy you see every day. Examples are crab grass in 
your lawn, and coyotes and ravens fighting over carcasses.

Survival of the Fittest

A principle in evolution is that the strongest of a species will survive. Survival depends on an 
organism’s ability to live in a complex place with many demands made on it and to out-compete its 
rival species, thus maintaining its niche in the environment. 



BIOTA ENERGY & ORGANIC MATTER FLOW

How much energy do living things use in a habitat? Do biological organisms use a lot or a little of the 
energy from the sun? Why is photosynthesis so important to a habitat? 

What a wonderful thing life is! Photosynthesis is the process that happens during the mixing of 
sunlight, carbon dioxide and water to create life! SUNLIGHT ENERGY IS CONVERTED BY 
PHOTOSYNTHESIZING ORGANISMS INTO STORED CHEMICAL ENERGY! It is magical! The 
Biota, metabolizing organisms owe their life to this bio-chemical process. RESPIRATION IS THE 
CONVERSION OF STORED CHEMICAL ENERGY INTO ACTION, MOTION AND ORGANIC 
MATTER CREATION. Photosynthesis allows the energy from the sun to enter habitats resulting in 
the production of starches and sugars needed to metabolize organic biomass. Plants photosynthesize, 
respire and metabolize using some of the chemical energy they stored. Animals will only respire and 
metabolize. The waste products of respiration are called byproducts.

Solar Energy Reaches Earth

Sunshine bathes the planet in huge amounts of 
energy. This is a one-way flow of energy not a cycle. 
The amount of sunlight from space that reaches the 
atmosphere is about 100o watts per square meter. 
A watt is a measure of energy (heat, light and work 
potential). Half that amount reaches the surface of 
the Earth, 500 watts /sq. meter. Atmosphere 
absorbs sunlight energy and also reflects it back 
into space. The supply of sunlight energy is more 
than the biota needs to flourish.

Photosynthesis begins when the sun’s energy 
reaches the surface of the planet. Very little of this 
energy is used by living organisms. Of the sun’s 
energy that reaches the atmosphere, organisms in a 
habitat use on average only 1 to 2 watts per square 
meter.  This infinitesimal demand is only two 
thousandths of a percent ( .002 %) of the total solar 
energy that reaches the surface of the earth. Energy 
demand varies by the species biomass, the amount 
of living matter in a habitat. Rain forests, mud flats 
and marshes have a large number of organisms, so 
a higher demand for energy. Deserts, ice fields and 
the mid-ocean have a low number of organisms so 
there is a lower demand for solar energy.



Energy Pyramid

We have included an idealized energy flow chart 
that shows 30% of the received sun’s energy 
becoming organic matter for the decomposers, 
40% of the received energy used in respiration 
is returned to the atmosphere and the 
remaining 30% is the biomass of living 
organisms. See the upside down pyramid chart.

The biota in the habitat use energy in the 
following way: Photosynthesizing organisms 
called producers capture energy. Producers use 
energy from the sun to Photosynthesize, process 
water, CO2 and sunlight to make living tissue 
that contains carbon. Plants also metabolize to 
live using oxygen to break down the starches 
and sugars. What remains is about half of the 
sun’s energy that has been converted to 
biomass, living organic material. That 50% 
remainder of sun’s energy as producer 
organisms is the foundation for all other living 
organisms to exist. Each consumer absorbs 
plant organic material in some form. 
Consumers metabolize plant organic material 
and animal biomass into animal biomass. These 
organisms absorb their energy from the 
organisms higher on the pyramid. They 
metabolize organic matter. Gaseous byproducts 
are respired out as CO2 or oxygen gases. Solid 
organic byproducts are excreted and include 
dead species that are digested by decomposer 
organisms. This organic material is cycled into 
stored energy and gases released back into the 
atmosphere or into the soil and oceans.

Producers  (Plants, cyanobacteria, algae, protista):  

Producing organisms photosynthesize sunlight into starches and sugars. The living tissue is 
sustained by respiration. Fifty percent of the sun’s energy is used in respiration and 
Photosynthesis. Fifty percent becomes the tissue of the organism. This is an efficient process. 
All other living organisms consume energy biomass matter from this group.

First Level Consumers  (Caterpillars, mice, seed-eating birds, cows, snails,  
plant-eating fish, etc.):  

Consumers at this first level are herbivores. They consume 100% of some individual producers. 
90% of the producer’s organic material and energy is used in respiration. The living organism 
is the 10 % living organic matter remaining.



Second Level Consumers  (Insect eating birds, frogs, spiders, ant eaters,  
larger fish, etc.):  

Second level consumers eat first level consumer biomass. They respire animal organic matter 
and energy, metabolizing it into their own version of animal organic matter. The ratio is again 
90% released byproduct and 10% remaining biomass.

Third Level Consumers  (Humans, cats, dogs, snakes, hawks, orcas, etc.):  

Third level eats the second level biomass in the same way as the second level consumers eat the 
first level. They metabolize the second level biomass in the same 90/10 ratio with 10 % of 
consumption becoming the living organism.

Decomposers  (detritivores; eaters of dead organisms and organic matter  
including vultures, fungi, protists, bacteria):  

They consume the 30 % of the leftover dead organisms and solid byproducts from all of the 
living organisms in the habitat. Their metabolic wastes become Sequestered energy, energy 
stored in the ocean and earth, (coal, natural gas, methane, oil, calcium, oxygen, etc.) and gasses 
(oxygen, methane, CO2, Ozone, etc) plus heat returned to the atmosphere. The amounts of this 
processed byproduct was not calculated.

Byproducts:  

Living organisms change matter into energy and energy into matter by the process of 
respiration. The gaseous byproducts (oxygen, CO2, methane, water, etc) are returned to the 
atmosphere with some being sequestered in the oceans. The solid byproducts are metabolized 
into gasses and organic matter that that is stored in the earth and oceans. Byproducts move in 
the following way. Respiration is the use of energy to make and maintain an organism. Organic 
matter and stored energy make up the organism. Energy used in creating the organism and 
maintaining it is released as heat, exhaled gasses, liquids and solid waste that are excreted 
from the individual plant or animal. Gasses and liquids are absorbed into the atmosphere and 
oceans. Solid waste byproducts are organic matter and energy released onto the surface of the 
ground. Decomposers consume organic byproducts. They metabolize waste into gas byproducts 
returning some to the atmosphere and most as stored (sequestered) energy in organic form 
that goes into the earth and ocean.

Isn’t it amazing how little of the energy that comes to the Earth (.002%) is used by the biota. Our 
idealized energy flow chart shows 30% of the sun’s energy becomes organic matter for the 
decomposers, 40% sun’s energy used in respiration is returned to the atmosphere and 30% remains in 
the biomass of living organisms.



FOOD WEB OF A VERNAL POOL

Solar energy, CO2 and water are processed in photosynthesis by the cyanobacteria, green algae and 
plants in the water to produce the first step in the food web. This creates periphyton, a mixture of 
cyanobacteria, algae and pollen which are microscopic critters and plants. These are the primary 
producers. 

Herbivores, including San Diego Fairy Shrimp and Spadefoot Toad tadpoles eat the photosynthetic 
organisms becoming first level consumers. These consumers  may eat 10,000 pounds of vegetable 
matter and metabolize 1,000 pounds  into biomass after respiration.

Spadefoot Toads mature from a tadpole to a frog.  In this process, digestion changes from eating 
vegetation to eating meat. Now a carnivore, the Spadefoot adult consumes the fairy shrimp, insects 
and tadpoles as a second level consumer. The adults eat 1,000 pounds of the primary consumers and 
weigh 100 pounds after respiration.

The heron is a third level consumer eating the tadpoles and Spadefoot Toad adults. This top predator 
eats 100 pounds of third level consumers resulting in a weight of 10 pounds living biomass after 
respiration.

The elimination of byproducts and the death of organisms allow the decomposers (detritivores; 
vultures, bacteria, fungi) to recycle nutrients and chemicals to the atmosphere, pond and soil. These 
byproducts are shown with the brown arrows.



Once the producers create the first level of life with a large number of photosynthetic organisms, the 
food web is controlled by the respiration and numbers of the first level life forms. First level plant 
eaters eat 100%, say 10,000 pounds, what their appetite tells them to eat. Only 1,000 pounds of that 
plant biomass becomes living first level consumers. So if 1000 pounds of herbivores eat plant material 
they control the rest of the food web. Second level consumers eat the first level consumers. Only 100 
pounds of them can live because they use 90% of the energy and organic matter from the first level to 
metabolize into living biomass. Third level consumers go through the same eating process eating 
second level consumers. No more than 10% or 10 pounds of living biomass results in third level 
consumers.



HABITATS AND NICHES

Which of your senses do you rely on most in a new situation: sight, hearing, smell, touch or taste? Do 
you focus on a single sense at a time? How do you describe what you sense to another person? What is 
the city you live in? Where is your House in the City and what is it an apartment, condo or house?

The habitat is the place where the biota lives. All 9 factors interact so that homes are available for 
organisms. The place for a species is in a niche, that part of the habitat species use as its home. 
Visualize a habitat as a city and a niche as a house and the species as the family in residence.  

Every person is a member of the human species. As a species, we are able to live in a great variety of 
habitats. We can control a lot of our niche within many different habitats. The number and varieties 
of niches human beings can successfully inhabit is very large! Through our use of technology almost 
every surface and underwater habitat on planet Earth is in our reach. We can even survive off the 
planet, in space. 
             
Homo sapiens are a dominant species. We use technology to influence habitats often unsure of, or 
disregarding possible consequences of the change. Whether intentional or not, we have the power to 
make huge changes to the environment in many ways. We have done this historically, and will 
continue to alter the environment to suit our purpose. The term unintended consequence is used 
when you want to accomplish one thing for your benefit but other, sometimes-negative things happen 
instead or as added consequences. For example, in many places on the planet people establish farms 
on floodplains because of the rich sedimentary soil. They also go into the forests in the watershed 
above to collect trees for building, cooking and heating. This reduces the ability of the forest to hold 
rainwater. A heavy rainstorm comes and washes down exposed soil as mudslides and floods the area 
depositing fresh soil. The human intent was to grow crops and live a good life. The unintended 
consequence is the loss of homes, crops and life.

Other organisms can also make changes to a habitat, sometimes in massive ways, often dwarfing the 
human capacity to cause a major impact on an environment. Bacteria, algae and plants with their 
biochemical magic, photosynthesis, provide the stuff of life for all organisms. Microscopic organisms 
are the wee beasties. They are everywhere and control much of a habitat. We can only see them with a 
microscope. Many photosynthesizing bacteria and algae release oxygen biochemically as a part of 
their life cycle. Plants also produce food and release oxygen from their cells. Many other species are 
major players in the creation and maintenance of habitats. 

California trapdoor spiders have a small niche because they need a special type of soil that is soft 
when wet and like concrete when dry. They need an even range of temperature and nest digging time 
that matches rainfall. A spider builds her nest on a slope so gravity can keep its trap door shut. 

A Belding’s Savannah Sparrow has a small “just right” place. It needs pickle weed plants in wetlands. 
The cool coastal climate there has aphids to eat. This is the sparrow’s home.

The Washington Desert Palm tree needs its roots in water. It can survive fire and hot dry desert 
weather. Ten thousand of these palm trees live in the Colorado Desert of Southern California. 

Every living organism has a niche and every niche must be “GOLDILOCKS JUST RIGHT”!



A WAY OF LOOKING AT THE WORLD

You now have completed a trans-habitat journey across the Southern California Mediterranean 
habitat zone with words and pictures. The Goldilocks Ecology method of assessment was used to look 
at representative habitats from the Pacific Ocean in the west to the deserts in the east. This is one of 
the most bio-diverse and bio-rich places on the planet. We are lucky to be in a geologically active area, 
where there are so many different ways for the biota to colonize. With modern transportation, we can 
drive to see so many different representations of how life adapts to very different abiotic mixes in a 
short period of time. We used the Goldilocks Method of Ecology to understand the who, what, when 
and where of life from kelp beds, to grasslands, forests and desert habitats.



GOLDILOCKS ECOLOGY and EVOLUTION

Do you like dinosaurs? Do you know that llamas, lions and mammoths used to live in your 
neighborhood? Can you understand why there are so many different species of dogs, cats, cattle and 
horses? Do your parents have you weed out the invasive grasses and foreign plants from your front 
lawn? 

Fossils that were deposited over seven million years ago are 
being found in Anza-Borrego State Park .  Fossilized organisms 
preserved in asphalt are being excavated in the La Brea tar pits of 
Los Angeles.  These are two of the best sites in the United States 
with information about the history of habitats and species over 
time. What the fossil record shows, is that over the last seven 
million years species and habitats have both changed. Sediments 
left behind with fossils in them recorded the events. The Earth 
changed because of earthquakes, floods, volcanoes, mountain 
building and erosion. All factors in habitats have proven to be 
ever-changing.

At one time, all of the factors were just right for the 
Gomphothere, an ancient mammoth. Now all those species are 
extinct, with just bones and footprints left to show when they had 
their “Goldilocks” time. The same is true of ancient llamas, large 
cats, horses and many other species.

Today, in the Colorado Desert of San Diego and Imperial 
Counties, there are rocks that record the prior existence of a 
shallow saltwater sea, fresh water lakes and a huge area of 
ancient wetlands. The Colorado Desert is now a dry habitat with 
few species and low populations. In the last one hundred years a 
canal was dug bringing Colorado River water to the lower Salton 
Sink. This area became one of the best producing agricultural 
areas in the world. Human influence is being seen in the changes 
that are being recorded in the Earth. The Salton Sea was reborn 

at the beginning of the 20th century when a flood of the Colorado River broke through dams and 
canals. This water returned to where there had been water in the past as an ocean, a river delta and a 
large freshwater lake.

Mammoths and extinct cat-like and 
dog-like animals stepped in mud 3.5  
mya (million years ago).  Photo in  
Anza-Borrego State Park

Ancient extinct horse hoof prints.  
Estimated 3.5 mya.  Anza-Borrego 
State Park

Bird tracks in wetland marsh soil.  
3.5 mya.  Anza-Borrego State Park



You have met many habitat zones of Southern California. Human immigrants probably arrived 
over twelve thousand years ago. Since then there have been ever-increasing changes in the 
environment and habitats. Today, millions of people live in Southern California in an area where a 
few thousand humans used to live four hundred years ago. The importing of water in the last 100 
years has made a huge change in all of Southern California’s habitat zones. Today’s grasslands are 
completely different than they were 400 years ago. Perennial bunch grasses have been replaced by 
exotic annual species.

The California Grizzly Bear is extinct. Pronghorns no longer bound over the grasslands. The 
Coastal Horned Lizard, once very common, can rarely be found because of the invasion of Argentine 
Ants. The little Argentine Ants replaced a large seed-gathering ant that was the food source for the 
lizard. Not enough nutrients! The American Southwest is heating up because of particles, acids and 
gases in the air. Sunlight is dimming because of polluted cloud layers. Riparian zones have been 
replaced with concrete flood channels. Rivers have been dammed for drinking water and farming 
irrigation, so little sand is coming onto our beaches. Hundreds of vernal pools are replaced and 
covered over by houses and roads. Many species are dying because their niches in habitats are no 
longer Goldilocks “just right”.



THE CHALLENGE

Daydreaming in a field with a horned lizard in 
your hand, making a fort in a tree and playing in 
the brush is not a way to spend time anymore. You 
may feel that outside in nature is a dangerous 
place. So, what can you do to learn more about 
your connection with your niche in the world? 
How do you get comfortable with who and what 
you are?

We are children of the sun! Solar energy, water, 
carbon dioxide and minerals make life. We 
consume other organisms to live. As a prime 
predator species, an omnivore sitting at the peak of 
the food web we are comparable to the 

Tyrannosaurs Rex in our era of time on earth. We even go so far as to create artificial habitats that use 
the resources of the planet, but appear not to. Our urban centers appear totally unrelated to 
Goldilocks Ecology and the natural world. We see meat as packaged food, not recognizing it as a lower 
level consumer in the energy flow. Our need to raise, nurture, capture, kill, prepare and preserve that 
food is out of mind. Our vegetables come to us displayed in refrigerated bins. Most of our food species 
have been genetically manipulated and domesticated by us over thousands of years. 

Does it surprise you that we have forgotten that WE ARE AN ANIMAL (Homo sapiens)?  WE 
ARE A SPECIES THAT OCCUPIES MANY NICHES IN THE NATURAL WORLD’S HABITATS.  How 
do we protect and sustain our species?  For thousands of years we had to adapt to the natural world. 
We have forgotten that we still have to follow natural world rules for our species continue to survive. 
The decisions we make about how we manage our role on the planet is your responsibility too. If you 
do not know the natural world, you cannot make sound decisions. We can fail to protect your children 
and children’s children into the future.

My friend, you have taken one of many steps by reading and learning to understand the world 
in a Goldilocks Ecology way. You may have already started enjoying the natural world by letting your 
curiosity guide you in the outdoors. What is important is that you really, really feel nature in your 
most private and personal way. It is important to share your enthusiasm with others and think green. 
Spend quiet time absorbing Goldilocks lessons by yourself by observing in the field. Go on hikes. Get 
your folks and friends to go camping with you in the wilderness. Go to school camps. Volunteer at the 
local parks. Join the Scouts or other outdoor groups. Encourage your teachers to teach about their 
subject in a way that is friendly with Mother Nature. Spend a little time each day in the natural world. 
Learn about your role in keeping the environment stable. Today, you cannot be like the earliest 
immigrants to our area 12,000 years ago, the Native Americans, who had a deeply learned 
understanding of nature. They knew these Goldilocks lessons or they died!  That same statement is 
still true today!

Now take off your iPod©, turn off the television and put your sporting equipment away! Get 
out of your house and go outside.  Take time to look, listen, see, touch and smell our wonderful world, 
so you can appreciate where GOLDILOCKS ECOLOGY RULES!
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GLOSSARY

- A -

Abiotic factors:  non-living influences in the environment.  Seven abiotic factors are included in the 
Goldilocks Method of Ecology.
Air:  an envelope of a mix of gases that surrounds the planet.
Algae:  a large and diverse group of primitive species of plants.
Algal tree:  kelp.
Alluvium:  fan-shaped deposit of eroded earth, creating a large sedimentary area.
Analemma:  a chart showing where the sun and earth are in relation to each other on a given day.
Animal:  species in the animal kingdom, multi-celled, not rooted, non-photosynthesizing organism.
Annual:  life cycle a year or less.
Aquatic:  water environment and habitats.
Arctic Circle:  area around the North Pole to latitude 60 degrees.
Arctic express:  winter storm path from the Arctic Circle to the tropics.
Arson:  setting a fire as a crime.
Astronomical time:  a way of calculating time of the actions in the cosmos.
Atmosphere:  envelope of gases that reaches from earth to space.
Atomic:  having to do with the atom, the smallest of which is hydrogen (H) with one proton in its nucleus and 
one electron traveling around it, energy released in an explosion by atoms.
Atomic time:  a very accurate calculation of time based upon radioactive decay of atoms.
Aurora:  electromagnetic reaction at the magnetic field around earth to the sun's solar wind.

- B -

Bacteria:  smallest, oldest and most common organisms in and on the planet.
Biodiversity:  amount of different species in a habitat.
Biological factors:  living influences in the environment, living things that affects an organism and its niche.
Biologically populated:  area with living organisms.
Biologic time:  time of life of an organism from conception to death.
Biota:  term for living organisms.
Botanists:  scientists who study and work with the plant kingdom.
Botany:  study of fungi and plants.
Boulders:  large rocks.
Brackish:  salt and fresh water mixed together.

- C -

California Current:  the cold-water ocean current flowing from the Arctic Circle to the tropics along 
California’s coast.
Canopy:  the leaves on a tree, the leaf cover of a forest.
Canyoneer:  a trail guide docent for the San Diego Natural History Museum.
Carbohydrates:  starches and sugars made through photosynthesis.
Carnivores:  meat eaters.
Chamise chaparral:  chaparral habitat (plant community) where the chamise shrub dominates.
Chaparral:  Mediterranean Habitat Zone plant communities with tree and shrubs less that 20' in height.
Clay:  finely ground up rock that is sticky when wet.
Climate:  average weather in a habitat.
Climate change:  expected weather pattern changes in the future due to global warming.
Clock time:  time base on the division of 24 hrs into seconds, minutes and hours.
Cobbles:  rock size that can be easily carried by hand.
Commensalism:  host organism allows another organism to live in or on it without harm to host.
Competition:  organisms and species vying for resources, dominance and reproduction.
Condensation:  transition from a gas to a liquid, or making something smaller.



Cord grass:  grass that can grow in salt marshes and be covered with salt water.
Core:  center of Planet Earth, an iron nickel ball that is solid and hot.
Cosmos:  the universe, outer space, where galaxies are in the billions.
Crepuscular:  time close to sunrise or sunset.
Crust:  top layer of the earth.
Currents:  water flowing in one direction in a larger body of water.
Cycle:  processes that rotate different factors in a timed, recurring fashion.

- D -

Decompose:  to change from a living organism to the chemicals that make up that organism.
Decomposers:  species that digest dead and waste materials.
Deltas:  wide mouths of streams and rivers where they meet large lakes and oceans.
Density:  mass of a substance per unit of volume.
Depressions:  where earth has fallen below the surrounding surface.
Desert pavement:  surface rock of pebble sized rocks where wind has blown lighter soil away.
Detritus:  dead animal and plant material.
Dew:  condensing water that makes a layer on surfaces.
Diablos:  devil's wind in Northern California, the same as Santa Ana wind in Southern California.
Diurnal:  daylight.
Diverse:  different, many different species in a habitat vs. a mono-culture, such as a single crop of a modern 
farm.
DNA:  code that determines an organism’s way of life, the tiny strands of proteins are the building blocks of 
life.
Dominant species:  in botany, the largest species in a plant community; in zoology, the species at the top of 
the food web.
Drought:  period of time with less than usual climatic rainfall.
Drought deciduous:  plant leaf loss and photosynthetic inactivity due to heat and little water.
Duff:  leaf litter, and other decomposing dead organic matter.

- E -

Earth:  two meanings, one meaning is referring to our Planet Earth, the other meaning  is for the rock, dirt 
and soil under your feet.
Earth’s poles:  north and south magnetic centers. One has a positive charge and one is negatively charged.
Ecology:  the study of how organisms interact in their environment with both living and non-living factors.
Eddies:  small water currents that flow counter to a larger current.
Electric charge:  physical property of magnetic force, the two types are positive (+) and negative (-).
Electromagnetic:  the physical science description of the working of a fundamental force in nature, an area 
where magnetic force and electric charge meet.
Elfin forest:  poetic and common term for chaparral habitats.
Elimination of wastes:  processes for organisms to release and remove toxic chemicals from body function 
resulting from their metabolism.
Elliptical orbit:  stretched circular path where planets and cosmic objects revolve around a larger object.
Energy pyramid:  graphic representation showing how biotic density is controlled by solar energy.
Equator:  imaginary line perpendicular to the earth's axis of rotation, marking where the planet is divided 
into two hemispheres, the Northern Hemisphere and Southern Hemisphere.
Equinox:  two times a year, in March and September, when the equator of the sun and the earth are parallel 
and night and day are the same length.
Eroded:  when an earth's surface is worn away by actions of wind, water, and gravity.
Evaporation:  the point where a liquid becomes a gas, like water into water vapor.
Evolve:  term used for a change in a species over time.
Excreted:  see elimination of wastes.
Extinct:  no longer living, a dead species.
Extinction:  process of the death of a species.



- F -

Factors:  the 9 environmental features acting on a habitat in the Goldilocks Method of Ecology.
Fault:  where earth's tectonic plates move against eachother creating cracks in the earth's surface.
Feldspar:  mineral in granitic rock that can decompose through contact with water.
Fertilizer:  man-made or natural chemical nutrients for plants often from fossil fuels.
Fire adapted:  organisms which have changed and evolved to cope with fire.
Fire cycle:  the process where a burned habitat restores itself growing to a mature habitat and is then burned 
again. Also referred to as habitat succession.
Fire:  chemical reaction of fuel, oxygen and heat.
Fire Season:  the time when fire fighters are on alert, officially-declared period of high fire risk.
Five-kingdom system:  one long-accepted way of classifying organisms.
Flash floods:  when water suddenly appears in an area away from where the rain fell.
Food web:  graphic depiction of which organisms eat other organisms in a habitat.
Fossil fuels:  burnable carbon from coal, oil and natural gas.
Fossilized organisms:  dead organisms in rock, captured and saved by mineral deposits.
Full moon:  the whole surface of the moon facing earth shines, because the sun and moon are in a straight 
line on opposite sides of the earth.
Fungi:  multi-celled organisms with cells that have nuclei, and do not photosynthesize.

- G -

Galaxy:  spiral, rotating disk-shaped collection of millions of stars held together by gravity.
Gas:  one of the three states of matter, the condition of a substance when it can mix with the atmosphere.
Generations:  time measure of the average life of an organism, such as a grandparent, parent and child.
Genetic adaptations:  changes in DNA of a species over time to adjust to changes in its environment.
Genetic Code (DNA):  protein strands that combine to instruct an organism in how it will be structured, live 
and die.
Germination:  process where a spore or seed changes into a living organism after fertilization.
Geologic faults:  where earth's tectonic plates move against eachother creating cracks in the earth's surface.
Geologic time:  time measure of rocks, geologic formations and earth history. A way to measure time in 
thousands, millions and billions of years.
Goldilocks Ecology System (Method):  a nine factor way to assess a habitat.
Goldilocks Educational Facebook page:  teachers site to share knowledge of how to use the data from our 
three websites in the classroom.
Goldilocks “just right”:  best combination of Goldilocks factors for a species to survive and thrive.
Gneiss:  a form of metamorphic rock, where granite rock melts and metamorphises into gneiss.
Granite:  a type of igneous rock, magma that cooled slowly beneath the earth's surface.
Grasslands:  habitats where grasses are the dominant species.
Gravitational pull:  force between two or more objects that keep them in a relative position.
Greenwich Mean Time:  standard of time for the world by agreement of nations. Greenwich England Naval 
Observatory is the starting point for the measure of the 24 hours in the day.

- H -

H2O:  chemical term for water (2 hydrogen atoms + 1 oxygen atom).
Habitat zones:  large areas containing many similar habitats.
Habitat:  a place on Planet Earth where there is a definable grouping of species and other environmental 
factors that remain relatively constant.
Hail:  solid water crystals of ice, formed in clouds, that sometimes fall to the ground.
Herbivores:  animal species that specifically feed on plants.
Homo sapiens:  scientific name for the human species.
Host:  species that has another species living in or on it - see symbiosis.
Humus:  good soil with high amounts of dead leaves and other organic matter.
Hundred-year flood:  term for the highest flood elevation for a stream, river, pond or lake.



- I -

Ice:  water in its solid state.
Igneous:  rock that cooled and crystallized from hot, liquid rock (magma) under the surface.
Incubator:  place where eggs receive heat to hatch.
Intertidal zone:  area between the lowest neap tide and the storm spring tide.
Invasive:  alien species taking over niche of native species.

- J -

“Just Right”:  in the Goldilocks Method of Ecology is the perfect mix of the 9 Goldilocks factors for a species 
to thrive.

- K -

Kelp:  largest alga that lives in the ocean.
Kelp Forest:  large colony of kelp trees.
Kingdom:  classification of a large group of organism that are similar .

- L -

Landslides:  areas where rock and soil has been pulled down by gravity.
Laws of Gravity:  a series of mathematical formulae noting how gravity works.
Life cycle:  process from conception to death for an individual.
Light year:  a measure of distance based on how far light travels in a year, approximately 5,879,000,000,000 
miles.
Limestone:  sedimentary rock high in calcium minerals from living organisms.
Liquid:  state of matter when it flows. Generally more dense than in a  gaseous state and less dense than in a 
solid state.

- M -

Magma:  molten rock and earth.
Magnetic:  material that has the force to attract or be repelled by other magnetic materials.
Mantle:  middle zone of planet earth between the core and the crust.
Marble:   metamorphic rock that was originally organic sediments.
Meadow:  grassy and wildflower habitat. 
Metabolism:  cellular conversion of energy to matter and matter to energy in an organism.
Metamorphic:  in geology, metamorphic means to change by heat, pressure or chemical action, or by all 
three over time. For example, limestone is changed to marble, mudstone is changed to slate, and granite is 
changed to gneiss.
Metamorphosis:  change.
Microscopic organisms:  those living things that can only be seen with a microscope.
Microclimates:  small areas that have a different climate than the surrounding area.
Microrhiza:  living part of a fungus that helps plants obtain nitrogen for their metabolism.
Microscopic organisms:  living organisms that can not be seen without major magnification.
Migratory:  moving from place to place, generally on a time cycle tied to climate conditions.
Monsoon season:  summer weather pattern originating in the south.
Mountain building:  large areas of rock collide, surface rock is forced up and becomes mountains.
Mudstone:  silt and clay mixes that hardened into rock.
Mutualism:  when two symbiotic organisms need and bond to each other.



- N -

NASA:  National Aeronautical and Space Administration.
Naturebytesvideo.com:  website of Henry Shenkman, Naturesway Productions.
Natureswayproductions.com:  website for charity video productions of Henry Shenkman.
Neap tides:  low tides when the sun and moon are at right angles to each other.
New moon:  dark of the moon, when the sun and moon are on opposite sides of the earth, and the starting 
phase of the lunar cycle.
Niche:  the home of a species in a habitat and its relationship with the factors in its environment and other 
organisms.
Nocturnal:  the period between sunset and sunrise.
Nucleus:  a control capsule within a cell that contains DNA.
Nuclear reactions:  power for the sun and human use, collision of parts of an atom releasing large amounts 
of energy, explosions based on changes in atoms.
Nutrient: essential elements of food needed to be alive and heathy, including minerals, proteins, starches and 
other chemical compounds.
Nutrient rich:  factors having foods for species; sugars, starches, chemicals, minerals, vitamins and proteins.
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Onshore/offshore wind:  wind pattern at the ocean and large lakes.
Orbits:  path taken by a smaller object around a larger object controlled by gravity.
Organic matter:  material that was once a part of a living organism, dead plants and animals that contain 
carbon.
Organisms:  individual living things.
Oxygen:  chemical element, a gas in the atmosphere, fuel for energy, part of the fire triangle.
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Parasitism:  host has a guest species living on or in them that can be harmful to the host.
Pebbles:  small rocks that can fit inside a closed fist.
Perennial:  living year round and for many years.
Pesticides:  man made and natural toxins that kill insects.
Photosynthesis:  process where solar energy, carbon dioxide & water are chemically changed by cells into 
starch and sugars to make the matter that is all life. The starches and sugars are converted and stored solar 
energy.
Pickleweed:  plant in salt marsh habitat that releases salt through its outer cells.
Pioneer stage:  first stage of  an organism colonizing a habitat, beginning stage of recovery after a burn in the 
fire cycle. 
Plankton:  microscopic protista, animals and plants.
Plant community:   group of the same plants in the area, botany’s way of describing a habitat.
Plant:  organisms that photosynthesize, do not have means of self-locomotion, and are multi-celled where all 
cells have a nucleus. They use many different methods to reproduce, and often enlist the aid of water, wind, 
and animals to move pollen grains from plant to plant for reproduction.
Pluton:  molten rock that makes or fills a pocket deep in the earth’s surface. 
Poles:  the places where the positive and negative magnetic forces are located on the earth.
Primary consumer:  first consumer in a food web that feeds on plants, such as a small herbivore or insect.
Primary producers:  photosynthesizing microscopic organisms and plants. 
Principle in evolution:  best adapted member of a species will survive and make the next generation.
Proteins:  chemical polymer of a large quantity of amino acids.
Protista:  single-celled microscopic organisms that have a nucleus.
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Rain:  water suspended in the atmosphere as a gas condenses to its liquid state and falls from the sky.
Rain shadow:  mountains form a natural barrier to the flow of moisture-laden air creating a dry area on the 
opposite side, called a rain shadow.



Relative positions:  refers to two moving objects and their position in relation to each other at a point in 
time.
Reproduction:  process whereby a species continues itself by creating the next generation.
Resistance:  an opposing force that resists motion.
Respiration:  a biochemical process when an organism inhales air, absorbing oxygen to live, then exhaling 
carbon dioxide, heat and water.
Revolution:  one complete turn for an object, earth completes one revolution every 24 hours.
Riparian:  habitat area between an aquatic habitat and where floodwater will be at the highest level.
Rock:  term for inorganic mineral matter from the crust and sometimes the mantle of the earth.

- S -

San Andreas Fault:  California’s major break in the crust of the earth running northwest to southeast, where 
the continental plate meets the oceanic plate, and a major earthquake zone. 
Salt grass:  grass species that grows where there is a high concentration of salt in soil or in the air.
Salt marsh wetlands:  transition habitat where fresh and salt water meet.
Sand:  very small particles of  eroded rock.
Santa Ana winds:  easterly winds that come from the desert and generally occur in the fall season.
Sea algae:  protista and algal plants that grow in the sea.
Seasons:  regularly occurring times of the year when certain weather patterns happen.
Secondary consumers:  food web species that eat primary consumers.
Sedimentary:  rock formed when rocks at the surface have been eroded and are deposited on another surface.
Sediments:  broken up pieces of rock that settle into new geologic formations.
Seeds:  reproductive product of plants that when fertilized make the new generation of the species.
Silt:  fine-grained rock, grains can be microscopic in size.
Slate:  metamorphosed mudstone.
Slash and burn:  farming system that cuts down and burns a forest to clear land for farming.
Sleet:  mix of rain and snow or ice.
Snow:  icy crystals of water.
Soil:  top layer of earth, a combination of rock and organic matter.
Solar system:  planets and other objects revolving around the sun and moons revolving around the planets.
Solar wind:  solar energy flowing from our star into space.
Solid:  state of matter where molecules are locked together in a matrix. One of the common three states of 
matter; gas, liquid, solid. An example is where water becomes solid in the form of ice.
Solstice:  two times a year the earth and sun are farthest apart December 21st and June 21st. Summer Solstice 
marks the beginning of shorter daytime hours, Winter Solstice is when daylight hours begin to get longer in the year.
Species:  a group of organisms that are genetically the same or close enough to reproduce offspring in nature 
that can also reproduce.
Spores:  microscopic structures which contain an embryo for reproduction.
Spring gloom season:  clouds come onshore from the west covering Southern California to the mountains 
during the spring months.
Spring storm tide:  highest water in an intertidal zone, combination of highest spring tide and a storm.
Spring tides:  high tides caused by the sun and moon being in line with each other.
Stagnant:  ponds and standing water with no inlet or outflow, and have lost most of their oxygen.
Streambed:  the path of water flowing on a substrate.
Substrate:  layer of soil at the top of earth or bottom of water habitat.
Sun:  our star, a huge atomic furnace fueled by nuclear reactions that emit light and other energy into space. It 
holds the planets in their elliptical orbits through gravity.
Symbiosis:  different organisms living together in a close, usually dependent relationship, where both benefit 
from eachother or one may harm the other to live.
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Taxonomists:  scientists who name and classify organisms.
Theory of Relativity:  theory by Albert Einstein about how the physical world and the cosmos work.
Time zone:  the earth is divided into 24 time zones around the circumference of the planet, each are 15 
degrees longitude segments defining an hour in the day and beginning at Greenwich, England, and where 
clocks are set to the same time.
Transition zones:  area where two habitats come in contact with eachother.
Transition:  change between two different actions, places or times.

- U to Z -

Unintended consequence:  results of an action that were not expected.
Universe:  all of space, time and matter, also called the cosmos.

Vernal pool:  a depression in non pourous soil that fills with water after rains and then through evaporation 
becomes a dry area again.
Visible organisms:  those living creatures that we can see with our naked eye.
Volcanoes:  release of magma (hot liquid rock from deep in the earth) flowing onto the surface and 
explosively through the air.

Waste products:  resultant toxins, chemicals, and unprocessed materials from metabolism that must be 
removed for an organism to live.
Water cycle:  three stages of water; solid, liquid and gas affected by heat and cooling.
Water table:  elevation of water collected below the earth surface.
Watershed:  area of collection, transportation and drainage of water.
Water vapor:  transitioning water from a gas to a liquid or from a liquid to a gas.
Wee beasties:  microscopic organisms, the name given to very small organisms by the inventor of the 
microscope.
Wildfires:  fires in a natural area that are not under control.

Zero degrees Centigrade:  number on temperature scale where water freezes. Thirty-two degrees 
Fahrenheit marks the same point on the Fahrenheit temperture scale.
Zoology:  study of animals.
Zooplankton:  microscopic protists and animals.



HENRY’S NATURAL HISTORY HEROES

My natural history journey, adventure and learning came later in life as I was finishing my career as a 
probation officer. Many people taught me what I know today. Sharing what I have learned with you 
through this book and with my Naturebytes Videos came though a process and included many 
mentors. Some are world famous, some are past and some are very much alive; still teaching, 
inspiring and nature adventuring with me.  I feel an appropriate way to end the book is by introducing 
you to some of those who have shaped me into a certifiable “Nature Nut.” 

Acorn, John   Canadian nature host on radio and television. He is a talented musician, 
Ornithologist and video producer.

Abbott, Patrick   Professor of Geology at SDSU and expert in sedimentary rock and earthquakes. 
Author of The Rise and Fall of San Diego.

Attenborough, David  World famous naturalist and video broadcaster. He has done so much in 
making nature accessible to the general public and to encourage conservation and species 
preservation.

Atwater, Tanya  Geophysics Professor at UCSB and expert in plate tectonics. Pioneer in the 
development of teaching with videographic geological history.

Audubon, John  Bird artist in the 1800's who inspired many. He was a major influence in the early 
conservation movement in the United States.

Bateman, Robert  World famous animal artist and conservationist. His book, Thinking Like a 
Mountain, is my favorite gift to my friends. The title of the book comes from the writings of Aldo 
Leopold.

Battle, Eloise  40 years volunteering as a warrior for conservation, and a moving force in the 
creation and improvements to the Tecolote Nature Center of the San Diego City Parks Department. 

Beauchamp, Mitchell  Botanist who wrote the Flora of San Diego County, California. He was 
consultant on the Famosa Slough project and my video on the restoration of the slough.

Black, Adeline  Active volunteer with the SDNHM and Tecolote Nature Center. She is still 
considered the model for Canyoneers. At 80 she died falling off a pyramid in Mexico.

Brey, Claire  Founding member of the Canyoneers at the San Diego Natural History Museum. A 
guide   in nature for children, explorer of the Baja California peninsula, expert on grasses, and 
patient teacher, actress and video star for me when I started making naturebytes videos.

Darwin, Charles  Author of On the Origin of Species. He is the “Father of Evolutionary Science.”

Diamond, Jared  Contemporary scientist and author of science books. My favorites “Guns, Germs 
and Steel” and “Collapse.”

Fege, Anne  Retired Supervisor of the Cleveland National Forest. She is now active with San Diego 
Audubon, SDNHM and Nature Outreach to Children. 

Franklin, Benjamin  Founding father of the United States, statesman, naturalist, author and 
scientist. He is the role model of what it means to be a “Renaissance Man” and what it means to be 
an “American”. His scientific paper on the Gulf Stream is an early and important contribution to the 
science of Natural History.

Hager, Mick  C.E.O. Of the San Diego Natural History Museum, a leader in making a 19th century 
3rd rate museum into a vibrant 21st century regional museum of the highest quality. He is a motivator 



for intense research into the natural history of the trans-border region, and an enthusiastic 
conservationist.

Halsey, Richard  Retired high school teacher. He is the founder of the California Chaparral 
Institute. He is an expert on the fire cycle and home protection in chaparral habitats. He is the star of 
videos relating to his area of expertise for Naturesway Productions. 

Howell, Bill  Trainer of many, classroom teacher of natural science, star of Naturebytes Video and 
the person to whom this book is dedicated.

Leopold, Aldo  Inspirational writer who worked in the U.S. Forest Service in the agencies’ early 
days. He wrote many influential books on conservation. His writings, especially those for children, 
were a part of my inspiration for “Goldilocks Ecology.” 

Lightner, James  Author of my much used San Diego County Native Plants field guide.

Lyell: Charles  The father of Geology.

Jepson, Willis  The first Doctor of Botany degree awarded by the University of California. He was 
the founder of many scientific botanical institutions in California. 

Leeuwenhoek, Antonie  Inventor of the microscope. The man who discovered  the “wee beasties,” 
under his primitive microscope.

Louv, Richard  Author of Last Child in the Woods, an important work showing the need for the 
next generations to become nature savvy. He is Chairman of the Children and Nature Network.

Marshall, Alan  Long term Canyoneer and hike master, who for years has walked the trails and set 
the schedules for the San Diego Natural History Museum Canyoneer hiking season.

McPhee, John  Contemporary science writer.  He won the Pulitzer Prize for his book, Annals of the  
Former World.

Muir, John  Honored naturalist of the late 19th and early 20th centuries.  Considered a seminal 
influence on the creation of United States Park system. His followers consider him considered the 
model for conservation activism. I consider myself a disciple of his.

Peugh, James  Chairman of the Friends of Famosa Slough. He is a defender of wetlands and inter-
tidal areas of Southern California through quiet but persistent eco-activism.

Rebman, Jon  Curator of botany at the San Diego Natural History Museum. Creator of the “San 
Diego Plant Atlas.”

Roberts, Norman  San Diego native who was a philanthropist and veterinarian. He was the author 
of a “Baja California Plant Guide.”

Roosevelt, Theodore  26th President of the United States. He was instrumental in making 
conservation a part of the American Ethic. 

Sibley, David  Author of the Bird Field Guides that I use. 

Unitt, Phil  Curator of birds at the San Diego Natural History Museum. Author of the San Diego 
Bird Atlas.

Witham, Helen  She founded the Canyoneers 35 years ago, when she was the education director of 
San Diego Natural History Museum. Author of Ferns of San Diego County.

Winkelman, Doretta  Teacher who heads the Education and PROBEA departments of the San 
Diego Natural History Museum.
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