A is for Abundance:

The number of living things of a particular kind in an area (population) is always changing.  Plants and animals compete with each other for resources.  Plants compete with each other for water and light.  Animals compete for available food.  When the weather is favorable certain kinds of vegetation may flourish and the living things that feed on them will increase in numbers also.

There is always something that is present in limited amounts.  The needed resource that is scarce may greatly limit the abundance of a particular living thing.  Desert grasses and wildflowers must wait for rains in order to have enough water to grow.  Forest trees must wait for the warmth of the spring before there is enough heat to put out their buds.

Ecologist may want to sample the area they are studying; they may want to take a census (count numbers).  Different species (kinds of creatures) will show different patterns of change in their numbers.  Groups of living things of a kind (species) are called populations.  These changes in abundance are called “population dynamics.” The abundance of living things is related to the abundance of scarce resources and to the density of the populations competing for those resources.  Factors that regulate, that limit abundance include birth rates, movements (immigration, emigration), death rates, competition for resources within and between species, predation, and parasitism.

B is for Basic Factors:

Ecology is the study of the relationship of living things with their surroundings, with their environment.  This means the groups they belong to which are called “populations” when formed of a single kind (species) or communities when formed of groups of species.  Physical conditions in the environment are important factors in determining the abundance and distribution (geographic spread or “range”) of a species.

Important physical conditions can include temperature, humidity (moisture in the air), pH (acid or alkaline conditions), water and air movements, light, weather patterns, topography, soil constituents, etc.  Important considerations are not just the larger weather patterns, but local variations taking place within feet or meters (microclimates).

Living communities are organized around the exchange of energy and resources.  These systems of exchange are called “ecosystems.”  Important considerations are not just the place where a living things is found (its habitat) but how it goes about getting its resources within that habitat (its niche, its role in the ecosystem).

Light is the basic source of energy for most ecosystems.  However, there are ecosystems based on chemosynthetic bacteria that get their energy from chemical reactions.

Photosynthesis in the chloroplasts of green plants is the most important means of capturing light energy. 

C is for Carbon:

Ecosystems are organized around cycles that return basic resources back to the environment from which they were taken.  The most important ecosystem cycle is the carbon cycle.  Carbon is the atom that is the basis of the chemistry of life (biochemistry).  Most compounds containing carbon are called “organic compounds.”  

Carbon enters the ecosystem through the absorption of carbon dioxide from the air by green plants.  Green plants use light from the sun, carbon dioxide from the air, and water to make sugars in the process called “photosynthesis.”  The these sugars supply energy to the cell and are used as the basis for making a number of different organic compounds basic to life including various kinds of carbohydrates (sugar is a carbohydrate) fats, oils, proteins, and nucleic acids (DNA, RNA).

Sugars are broken down to release their energy in cell structures called “mitochondria.”  Mitochondria are found in plants, animals, protozoa, algae, and fungi.  Photosynthesis releases oxygen.  The process of sugar breakdown in the mitochondria takes up oxygen and uses that oxygen to release the carbon dioxide and water that were originally used up to make the sugar.  Photosynthesis takes carbon dioxide out of the air. Plants release some of this back to the air.  Animals eating the plants release more.  Animals eating these animals release more.  What is left is returned to the air by decomposers and scavengers (fungi, molds, soil bacteria).

D is for Disturbance:

Ecosystems tend to move toward stability.  In old established ecosystems, stability may mean greater species diversity (greater numbers of different kinds of creatures) because the millions of years of existence of these systems have allowed species to evolve that can fill every available niche (way of life).  Disturbance of the environment can encourage species diversity in new environments by halting competitive exclusion.  

Competitive exclusion is where one kind of thing out does other kinds of things at using a scarce resource (water, light) to the point it eliminates its rivals.  Environments that are continually being disturbed (upset) are not stable enough that any one kind of thing (species) is at an advantage.

Extreme disturbance begins a process called succession where the disturbed area is invaded by living things that do well in the kinds of environments created by disturbance.  As the disturbed area begins to stabilize, it will gradually return to its former condition.  The various communities of living things that inhabit the disturbed area as this happens are said to create a “succession” of intermediate community types.  For example, weeds and grasses might fill a clearing produced by a disturbance followed by light loving trees and small shrubs.  Succession might bring in trees that can tolerate shade and eventually the shade loving trees of the original forest.  The greatest species diversity probably occurs where disturbance exists in balance with stability.

E is for Energy:

Energy is the key to the development of ecosystems.  The key organisms (living creatures) are always the producer organisms that generate the food.  In most cases these are photosynthetic green plants.  On land these green plants may be trees, shrubs, herbs, or grasses.  In the water microscopic algae such as diatoms may be the most important producer organisms (living creatures).  Sometimes these green algae are living symbiotically within another creature as in the green algae inside of lichens (made up of an alga and a fungus) or the green algae that live inside the coral animals of coral reefs.

Consumer organisms eat producer organisms.  Consumer organisms that eat plants are called “herbivores.” The second level of consumer organisms that eat herbivores are called “carnivores.” Organisms that eat the dead remains and droppings of living things are called “scavengers.”  Tiny microorganisms and fungi (molds and mildews) that live off these waste products are called “decomposers.”

When one animal eats another it is called “predation.”  The animal that eats the other animal is the “predator” and the animal that is eaten is the “prey.”  Plants and molds (fungi) that live on dead material are called “saprophytes.”  Organisms that feed on living things are called “parasites.”

Each new level of energy from producer organism to herbivore to carnivore is called a “trophic level.” 

F is for Food Chains:

The interrelationship created when an animal eats a plant and is eaten by another animal in turn is called a “food chain.” Since some animals eat more than one kind of thing, living things will show up in more than one food chain.  A series of interlinked food chains is called a “food web.”

Energy is lost at each stage of the food chain.  Not all of the energy of the sun is captured by green plants.  Not all of the energy captured by green plants goes into photosynthesis.  Not all of the energy captured by photosynthesis goes into sugar molecules.  Not all of the energy released in sugar breakdown is available for use by the plant cell.  Only a small part of the food energy in the plant is consumed by herbivores.  Only a small portion of herbivore food energy is captured by the carnivores that eat them.  Each link of the food chain generates a tremendous loss of energy.

Much of this energy is trapped in the fallen leaves and dead plant material of the soil.  Molds, mildews, and other kinds of fungi and bacteria decompose the plant material and absorb some of this energy.  Eventually almost all the energy will be released as heat and most will be radiated back into the atmosphere.

The chemicals that make up living things are continually being recycled, being returned to the environment from which they came.  Most energy cannot be recycled and eventually is radiated back to the atmosphere as heat.

G is for Grassland:

Groups of living things dependent on a particular associations of producer organisms are called “communities.”  Communities typical of a particular physical environment are called “ecosystems.”  A cluster of ecosystems characteristic of a geographic area is sometimes called a “biotic province” or “biotic region.”  Worldwide clusters of ecosystems are called “biomes” or “zones.”

Grasslands are communities made up of associations of species in the grass family and the animals and other living things that depend on them.  They are also known as prairies, steppes, veldts, or pampas.  The grasslands of the world have undergone a tremendous expansion in the last 15 million years of geologic history.  Grasses do best where there is not enough water to support trees and shrubs, but enough water and heat to allow the grass plants to complete their life cycle.

Grasslands communities are clustered into grassland ecosystems that form grassland biomes that spread across much of the planet north of the tropical forest and south of the arctic forest where it is not too dry (desert) or too wet (temperate woodland).  Ecosystems where scattered trees are mixed with areas of grassland are called “savannas.”

The ancestors of humans appear to have moved from tropical rainforest into savanna and then into the grasslands.  Civilization is dependent on the grasses that humans have domesticated: rice, corn, wheat, barley, rye, oats, millet, etc.

H is for Habitat:

A “habitat” is the place that a living thing is adapted to live in. A “distribution” is the sum of the places where it is actually found.  A “niche” is a way of life, the role the living things play, the thing it does to survive in its environment.

Living things carry on sexual reproduction to ensure that they have enough variation to meet the constantly changing challenges they meet in their environment.  Natural selection is the differential survival and reproduction of living things because of the greater fitness of some living things for reproduction and survival than others.  As the unfit die or are eaten, the genes they carry are removed from the gene pool of their species.  This creates “evolution, which is defined by some as “change in gene frequency (the relative amount of the gene in the population).

Genes are codes for making proteins carried on molecules of DNA in the chromosomes of the nucleus of the cell.  A living thing gets its genes from its parents.  The head of a sperm is almost pure rolled up chromosome, pure DNA.

Random changes occur in genes.  These are called mutations and they are sources of new kinds of proteins to make new kinds of cells. Major habitat changes cause great selection pressure.  The grasslands of North Africa, Asia and North America began to change to desert at the end of the last ice age.  Those plants and animals that did not adapt became extinct.  Extinction is the rule in nature. 

I is for Interspecific and Intraspecific Competition:

Members of populations of living things compete with other members of their populations for food and resources (intraspecific competition) and they compete with living things of other species (interspecific competition).  Generally interspecific competition is the biggest problem for humans.  The greatest threat to a human is generally other humans.  But, other species (intrerspecific competition) can be a threat, as when a plague of locusts (giant grasshoppers) eat all the farmer’s crops.

A major example of important interspecific competition in humans is our constant battle with parasites and diseases.  Many believe that diseases brought to the New World by Europeans killed more Native Americans than war or European civilization.

Intraspecific competition results when members of the same species compete for resources in short supply.  Examples might be territory, light, oxygen, food, or water.

The result of the competition is reduced intake of the resource by individuals, decreased growth, decreased development, decreased offspring, decreased survival.

Interspecific competition results when members of different species compete for resources in short supply.  This competition may be direct or indirect.  One species may draw from resources the other species needs or it may actively prevent the other species from access to the resource.  

J is for Joint Population:

Competition can lead to competitive exclusion, the exclusion of one species from the habitat by another, or to a joint population where the competing species manage to coexist.  A strong interspecific competitor will invariably out-compete a weak interspecific competitor.  Without competitors a species may occupy its “fundamental niche.”  In the presence of competition it may be limited to a “realized niche.”

If a competitor has high enough density (there are enough number of individuals in an area) in may sometimes be able to out-compete a stronger competitor.  Another possibility is that one or both of the competing species will retreat from their fundamental niche to realized niches that do not compete.  In other words, the competing species will find ways of getting the needed resource that allow them to avoid competition.  For example, one species might feed later than another.

Another possibility is the weaker competitor is able to survive by being better at colonizing new sites such as gaps in a forest where trees have fallen.  Environmental changes may allow competing species to coexist because the environment favors first one and then the other.  The result of this coexistence is a joint population.  Two competing species can compete for two resources and still coexist if one is more limited by the lack of one resource and the other is more limited by the lack of the other resource.

K is for Kinds:

There are many kinds of environments, many kinds of living things in those environments, and many kinds of relationships between those living things.  The basic kinds of environments are the wet environments of the tropical rainforests and the temperate woodlands.  The ocean environments of the open ocean, the shores, and the river mouths.  The drier environments of deserts, savannas, tropical scrubs, steppes, and grasslands.  The cold environments of the arctic, the coniferous woodland, and high mountains.

In these environments you find producer organisms in the from of photosynthetic plants and algae and photosynthetic and chemosynthetic bacteria.  You will find consumer organisms that are herbivores, carnivores, scavengers, and decomposers. Plants are the most common producer organisms, animals the most common consumers, and bacteria and fungi the most common decomposers.

Living things may compete with each other, one may prey on the other, one may be a parasite of the other or a saprophyte that lives on its dead remains.  Living things may live cooperatively in some kind of symbiosis.  This may give mutual benefit as in the mutualistic relationship of an alga and a fungus in a lichen.  It may be an example of commensalism where one organism gets a benefit but the other is unaffected as in an epiphytic orchid living in the top of a tree.

L is for Limnology:

Limnology is the study of the ecology of lakes.  “Eutrophic” lakes are shallow and rich in nutrients.  

“Oligotrophic” lakes are deep and poor in nutrients.  “Dystrophic” lakes are filling up with organic matter and turning into acidic bogs.

In many lakes tiny plants floating in the water (the phyto- plankton) are a major food source for tiny fairy shrimps, for Daphnia, Cyclops, and other small crustaceans making up the “zooplankton.”  These are eaten by small fish and the small fish are eaten by larger fish.

Lakes in temperate areas undergo a total turnover of their water in the spring and fall.  When this happens, dissolved oxygen and nutrients are dispersed through the water by the turnover.  

Water is at its heaviest at 4 degrees C. (39 degrees F.).  As the ice melts on ponds, the warming water sinks to the bottom.  When the water cools in the fall it will sink again.  Water cooler than 4 degrees C rises to the surface and forms a layer of ice.  In the summer, the warm surface water does not sink.  However, winds will push it to the shore and cooler water will rise up to replace it. The superficial layer of warm water on a lake is called the “epilimnion.”  Below it is a layer where the temperature drops quickly: the “thermocline.”  At the bottom of the lake is a zone of uniform cool temperature called the “hypolimnion.”

M is for Mor and Mull:

The study of the soil is called “pedology.”  Most soils have layers or horizons.  The “topsoil” is the “A horizon.”  Typically it has a surface of leaves and twigs and below this a layer of decaying leaves (leaf mold) followed by a dark layer of “humus.”  These three layers are usually filled with saprophytes, decomposers, tiny animals, fungi, molds, and bacteria. The lower part of the A horizon is lighter in color because rain water sinking though it has “leached” most of the soluble materials away.  The subsoil, B horizon, is dark with the materials leached from A horizon.

“Mor” soils form in association with the spruce forests of the far north.  The humus layer is very shallow with little calcium or nitrate.  It is very acid and only the most acid tolerant earthworms can live in it.

“Mull” soils form in association with temperate deciduous forests (with trees that loose their leaves in the fall).  Mull soils have more humus, more calcium, more nitrates and are more alkaline.  Mull and Mor soils are called “podzols.”  They have lots of aluminum and iron (which makes them red or brown in color) in comparison with the calcium rich “chernozem” soils of Western North America.  The chernozems of the prairies have large amounts of humus and little leaching.

Soils of tropical areas are subject to great amounts of leaching.  These highly leached soils tend to have a bright red color.

N is for Net Productivity:

“Net productivity” is the rate at which living things store energy.  “Gross productivity is the rate at which living things (organisms) assimilate (take in) energy.  “Biomass” is the actual dry weight of the organisms.  The biomass left at the end of the growing season is the “net primary production” for that year.

Desert, alpine and arctic tundra have a productivity between a fifth to a tenth that of grassland, and a tenth to a twentieth the productivity of tropical forests, marshland, and coral reefs.  The controlling factor in the productivity of the ecosystems of the land is light, temperature, and availability of water.  The ecosystems of fresh and salt water are most limited by the availability of essential elements such as phosphorus and nitrogen.

The most productive ecosystems are therefore to be found in the wet places of the tropics and along the continental edges of the oceans.  Deserts, open ocean, and polar regions are places of little biological productivity.  Generally, the greatest diversity of living things is found in the places of the greatest biological productivity.

In general, only about 10 percent of the energy stored in one feeding (trophic) level makes it to the next trophic level.  Thus 1,000 tons of green plants will support 100 tons of herbivores, and 10 tons of carnivores, and 1 ton of top carnivores like hawks and tigers (mouse eats seeds of plant, snake eats mouse, and hawk eats snake).

O is for Oceanography:

Oceanography is the study of the oceans.  The oceans cover 75 percent of the surface of the earth.  The ocean averages more than 3 kilometers in depth and is mostly dark and cold.  Since less than 40 percent of the sunlight that strikes the surface of the ocean is able to penetrate more than a meter, plants are confined to the surface waters.

The ocean depts. Are filled with animals, bacteria, and fungi fed by the shallow layer of photosynthetic activity in the surface above.  Ocean life can be divided into the more abundance life of the seashores and the less abundant life of the nutrient poor open ocean.  “Pelagic” life forms are free floating and “benthic” are bottom dwelling.

Tiny floating animals and plants form the “plankton” division of pelagic life.  The plankton is formed of various kinds of photosynthetic algae such as diatoms and dinoflagelates.  There are many forms of marine protozoa, tiny shrimp and other crustaceans, jellyfish, and comb jellies.

Benthic creatures include attached animals (sessile) such as sponges, sea anemones, and clams.  There are various forms of worms, starfish, snails, fish, and crustaceans.

The producer organisms of the seashore include the red, brown, and green seaweeds and the algae that are symbiotic in coral animals.  Brown seaweeds are more common in cool waters and red seaweeds are more common in warm.

P is for Pyramid:

Differences in the productivity of the various eating (trophic) levels of food chains allow the members of these chains to be staked in a pyramid in the producer organisms at the bottom.  Around 10,000 tons of seed producing grass will feed around 1,000 tons of seed eating mouse, which will feed 100 tons of mouse eating snake, and around 10 tons of snake eating hawk.

These can be assembled in a pyramid with the 10,000 tons of photosynthetic plants on the bottom, the 1,000 tons of herbivore mouse just above, followed by 100 tons of carnivore snake, and topped by the 10 tons of top carnivore hawk.  This is called a “pyramid of biomass.” 

The ideal pyramid is a “pyramid of energy.”  Pyramids made by counting numbers or weighing biomass will not always reflect energy relationships.  The plants of the open ocean sometimes grow very rapidly and supply energy to a much slower growing biomass of animals.  As result the pyramid of biomass for the open ocean may be upside down with a greater biomass for herbivores than carnivores.

Since there are usually only four links in a food chain, most pyramids of energy have only four levels.  But, what is left out of these pyramids is the role of the scavengers and the decomposers.  Scavengers are predators that eat dead prey.  Decomposers (fungi and bacteria) are able to get at locked up chemical energy that other consumers can’t get to.

Q is for Quantity:

Ecologists have worked out mathematical and statistical formulas demonstrating many ecological relationships.  Quantitative relationships can be particularly important in studying the interactions at the population level.  A population is a group of interbreeding creatures (organisms).  They are members of the same species found in the same area.

The simplest formula for population growth is dN/dt = rN.

The letter “r” stands for the “per capita rate of increase”  of a population and “N” stands for the number of individuals that have already been produced.  This is a formula for the “exponential growth” usually seen in populations of microorganism such as bacteria.

Another formula is written dN/dt=rN(K-N/K).  “K” stands for the “carrying capacity” of the environment.  This means that when a population approaches the limit that the environment can support, the size of the population begins to level off.

Quantitative studies of populations include studies of morality patterns and age structures.  These are studies of the effects of the life spans of organisms and the proportions of individuals present of various ages on the nature of the population.  Other concerns are density and dispersal, the effect of limiting factors on population size, the effect of density dependent and density independent factors, and the study of population cycles.

R is for Relationships:

Living things present together in the same environment may have a number of relationships.  The most common relationship is coexistence as a result of the partitioning of resources among different ecological niches.  A less common relationship is competition.  Where competition exists it generally moves over time toward either the exclusion of the weaker competitor form the niche or to coexistence by the partitioning of the niche into separate niches.

Other relationships include predation where one organism eats the other.  Predators often increase species diversity by keeping the numbers of the species they prey upon low enough that they do not compete with each other for space and territory.

Where there relationships between living things are particularly close, the relationship is called “symbiosis.”

Symbiosis includes “parasitism,” “commensalisms,” and “mutualism.”  Parasitism harms the host and helps the parasite.  Commensalism does not harm the host but benefits the commensal (as in an orchid growing on the branch of a tree as an “epiphyte).  Mutualism benefits both species (lichens made up of algae and fungi are examples).

Parasitism is a form of predation where the predator lives inside the host.  The predator may be a multicellular invertebrate or fungus or a single celled bacterium, or even a virus that is just DNA or RNA in a protein coat.

S is for Sulfur:

Sulfur is an important micronutrient that must be in the soil and water if plants and animals are to survive.  Sulfur is needed to make some of the amino acids used to make protein.  Other essentials are the potassium important in balancing the cell chemistry of animals and plants.  The nitrogen needed to make protein, the phosphorus needed to make nucleic acids, the magnesium need to make chlorophyll, the iron for hemoglobin and important chemical reactions in the cells.

Other needed chemicals include calcium, boron, copper, manganese, zinc, molybdenum, cobalt, sodium, and chlorine.  These essential elements must be recycled through the environment in forms usable by animals and plants.  Most animals and plants can’t use nitrogen in the form you find it in the atmosphere.  Hence plants depend on microorganisms in the soil that oxidize it into nitrate ions that dissolve in the soil water that plants absorb in their root hairs.

The nitrogen present in dead bodies, in droppings, and urine is recycled by these microorganisms into usable nitrogen carrying ions.  Biochemical cycles of elements such as nitrogen, phosphorus, carbon, and molecules like water are vital to maintaining the stability of ecosystems in the environment.

When any essential fails to cycle back in a useful form, it becomes a limiting factor, as the lack of water in a desert.

T is for Temperate:

Temperate areas are the areas between the hot tropics and the cool poles.  The temperate areas generally get moderate amounts of rainfall.  Deciduous forest of hardwoods that loose their leaves before winter arrives cover the wetter places where there is sufficient summer rain fall.  Where heat or lack of rain in the summer put stress on water using hardwoods, they are replaced by evergreen forest of plants with needle and scale like leaves that can stand up to cold and drought.

As rainfall declines, forest give way to grasslands and steppe vegetation and finally to desert.  Dry areas on the west coast of continents develop Mediterranean scrub associations like the coastal sage and chaparral found in California.  Mediterranean scrub communities called “maquis” are found in Europe and “matorral” in Chile.

Australia and South Africa also have Mediterranean scrub ecosystems.

Temperate savannas are found where forest regions come in contact with the grasslands.  The presence of glaciers over much of the north in the last ice age forced grassland areas south into regions now covered by desert.  These grassland were grazed by the ancestors of the horses, cattle, and sheep that were domesticated by humans when the grasslands began to retreated at the end of the last ice age eight to ten thousand years ago.  This was a time of great extinction in temperate regions as is shown by looking at the fossils found in places like the La Brea tar pits.

U is for Ultimate Effects:

Humans have only recently started to look at the ultimate effects of their actions on the environment.  They have only gradually become aware that living things were becoming extinct as a result of their disturbance of the natural environment.  Dramatic effects caused by the introduction of foreign organisms into new environments have brought these lessons home.  Rabbits and prickly pears introduced into Australia spread because there were no predators to keep their numbers in check.  Starlings introduced to the United States began to spread across the continent.

Rachel Carson’s book “Silent Spring” made the public aware of the influence of pesticides on the population of birds. The action of chlorofluorocarbons on the ozone layer and the resulting increase in harmful ultraviolet radiation has provided dramatic evidence of ultimate effects.

Global warming caused by increased carbon dioxide in the atmosphere as a result of the increased use of fossil fuels is another example of an ultimate effect.

Nuclear testing produced strontium-90.  This radioactive substance began to find its way into the bones of children.

Lichens in arctic areas absorbed most of their minerals from rains.  They concentrated large amounts of radioactive fallout.  When the lichens were eaten by caribou and the caribou were eaten by Eskimos, the radioactivity found its way into the bodies of the Eskimos.  The explosion of the nuclear reactor at Chernobyl caused fallout of radioactive cesium-147 in Norway making the lichens there unsafe.

V is for Variables:

Variables that effect the size of populations include the rate of increase, the death rate, the birth rate, movement in or out of the population from other areas.  The growth of the population will be influenced by the carrying capacity of the environment and the existence of any limiting factors.

The density and the dispersal of the population are factors that influence these variables.  Other factors include life-history patterns (groups of traits affecting reproduction and survival).  Variations include many or few young, large or small size of young, rapid development or slow development, much or little parental care, number of times of reproduction from one to many, use of asexual reproduction or exclusively sexual reproduction.

Competition influences the structure of a population.  Predatory-prey relationships influence population cycles.  Diseases and parasites can influence population mortality.

According to the “intermediate disturbance hypothesis,” as the interval between disturbances increases, the number of species present will increase up to a maximum point.  Past that point increase in the interval between disturbances creates a decline in species diversity.  If the intervals are too short, there is not enough time for colonies of some organisms to become established.  If the intervals are too great, there is not enough variation to encourage diversity.

The primary factor in the decline of diversity is believed by some to be competition between species.

W is for Wet:

The wettest environments are found in the rainforests of the tropics in the Amazon basis of Brazil, along the Congo River in Africa, and in Southeast Asia and Indonesian.

These very wet areas are surrounded by seasonally wet “monsoon” forests and drier areas where the forest give way to areas of grassland mixed with forest called “savannas” and finally yield to deserts ecosystems.

The constant rainfall leaches the minerals from the soil in rainforests so there is extreme competition for nutrients, most of which are tied up in the biomass of the plant life.

There is extreme competition for light in these rainforests resulting in a multileveled structure with epiphytic plants animals unique to each layer of the forest from floor to canopy.  Because of the competition for light, most of the plants are trees or epiphytes (plants growing on other plants without parasitizing them).

Since there is plenty of water in the soil, the roots do not penetrate far, the trunks must be supported by thick buttresses.  The leaves are large to capture the light and leathery to prevent the entrance of fungi.  Woody vines (lianas) are common as are birds and animals that can reach the treetops.

When rainfall becomes limited for part of the year, tropical woodland and tropical scrub replaces the rainforest.  Here trees have smaller leaves that conserve water.   There may even be leaf loss during dry seasons in monsoon forest.

X is for Xeric:

Air currents with falling and warming air are found around 30 degrees of latitude everywhere on the planet.  These tend to be desert regions.  The Sahara desert stretches across the north of Africa and into Arabia covering an area that was once rich with lakes and grassland following the last ice age.  Grazing by animals in grassland areas at the fringes of these 30-degree latitude deserts help them expand.

Desert regions get less than 25 centimeters of rainfall a year.  The lack of moisture reduces cloud cover so the range of temperature is great, far greater than in the humid tropical regions where temperature often show little variation.

Plants adapt by speeding up their development (annuals), developing water storing tissue (succulents), exchange leaves for thorns or spines (cactus-like), growing extensive root systems (as in the trees along desert stream-beds). 

Flowers may be bright colored to attract insects in the short growing season.

Desert mammals are often small and nocturnal.  Reptiles and insects have waterproofing in their external coverings and produce dry water-conserving droppings.  Plants use special variants of the photosynthetic process that conserve water.  A small number of species of plants may form uniform vegetation across vast spaces as opposed to the tremendous number of species in a few acres of rainforest.

Y is for Yearly:

The tropical regions show little seasonal variation.  North and south of the tropics seasonal variation increases.  At first the main seasonal differences are expressed in variations in rainfall as in the monsoon forests.

The temperate regions are characterized by great variations in temperature from winter to summer.  These temperature changes stimulate the development of deciduous woodland.  Where there is water stress in the summer from summer dry seasons, evergreen forests and mixed forest may replace pure strands of deciduous hardwoods.

The Polar Regions are characterized by extreme variations in temperature.   Just beyond regions of perpetual ice and snow at the poles lie the tundra ecosystems of short grass, tiny perennial flowering plants, lichens, mosses, sedges, rushes, and small woody shrubs in thin layers of soil just above the permafrost (permanent layer of frozen soil).

As you move away from the poles, climates become less extreme and you enter a region of stunted evergreen forest.

The northern coniferous forest is a place of spruce, fir, pine, and hemlock trees that have needle and scale like leaves that can resist the stress of winter cold.  Willow, birch, alder, and poplar are found along the lakes and stream banks.

Elk, moose, mule deer, and porcupines are important herbivores.  Lynxes and wolves are significant carnivores.

Z is for Zones:

The ecosystems of the world are found in zones that march toward the poles from the tropics and march up the sides of mountains from the lowlands.   At the tops of mountains and at the poles are arctic and alpine tundra ecosystems that often share related species.

Down from the alpine tundra is subalpine forest and south of the northern tundra is the coniferous forest of the “taiga.”  The same evergreen kinds of plants are often found in the conifer belts of mountains and the conifer forests of the north.  Zoologists often talk of a “Hudsonian” or a “Canadian” zone in the forest of mid-latitude North America.  Here you find forests of spruce and hemlock trees often found in the conifer forests of the north.

As you move toward the tropics you find deciduous woodland in the wet places and grassland, and scrub in the drier places.  Deserts occupy the driest places.  As you move down the slopes of the mountains, mixed deciduous woodland and scrub gradually gives way to desert and grassland.

As you enter the tropics, deserts begin to yield to grassland and grassland to savanna and tropical woodland and monsoon forest.  As you approach the equator monsoon forest, savanna, and tropical dry forest begin to yield to rainforest.  In very wet areas of the tropics, rainforest may march a considerable way up the sides of mountains and develop a peculiar variant called “cloud forest.”

