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How are physiological events coordinated to respond to the environment?
1. Within organisms, there are several levels of biological organization to ensure that physiological events occur in an organized and efficient way.

2. In a multicellular organism, cells are grouped into tissues.  Tissues are grouped into organs, and organs are grouped into organ systems. 
A. Different organs cooperate within an organ system.  For example, within the digestive system, the stomach mechanically grinds food with HCl and chemically breaks down proteins in the food with the use of the enzyme pepsin (a protease).  The mixture then passes through the pyloric sphincter into the small intestine which uses several enzymes from the pancreas (ex: amylase, trypsin, nucleases, lipase) to chemically break down carbohydrates, nucleic acids, and lipids.  It then absorbs the broken down macromolecules and some water back into the bloodstream. 
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Different organ systems cooperate within an organism.  For example, the respiratory system and circulatory system cooperate to deliver oxygen-rich blood to the organs of the body and remove carbon dioxide from the body.  Small blood vessels called capillaries surround the alveoli, small sacs within the lungs.  After inhalation, oxygen diffuses from the alveoli into the blood stream, is carried to the heart, and is sent to the organs of the body to enable the cells within these organs to perform cellular respiration.  During cell respiration, these body cells produce carbon dioxide, which is carried back through the blood vessels to the heart, and then sent back to the lungs.  The carbon dioxide diffuses into the alveoli and is expelled from the body during exhalation.
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C. Additionally, the nervous system and muscular system coordinate to produce movement in animals.  Motor neurons in the peripheral nervous system release the neurotransmitter acetylcholine, which binds to the muscle cell membrane, triggers an action potential in the muscle cell, and results in muscle contraction
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In plants the root and shoot system coordinate to allow the movement of water up through the plant.  As water is lost from the stomata on the underside of the leaf as a result of transpiration (evaporation), it creates a “pull” on water in the stem (shoot), which rises through the tube-like xylem tissue as a result of this “pull” and capillary action (a combination of the adhesive force between water molecules and the side of the stem and the cohesive force between the water molecules themselves). Water then enters the roots via osmosis, as it moves from a high concentration in the soil to a low concentration in the root / stem tissue.
3.  Plants can respond to the environment using physiological events.  For example, phototropism (growth towards the light) occurs in response to the production and distribution of the hormone auxin as a result of increased light on one side of the plant.  Auxin is found in higher concentrations in the cells on the dark side of the plant.  Auxin causes these “dark cells” to elongate, causing more growth on the dark side of the plant, which “bends” the plant towards the light.  This results in maximum exposure of the leaves to sunlight to maximize photosynthesis. 
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4.  Plants must flower and seeds must germinate (begin growing) at certain times in the year.  The environmental signal that most plants use to detect the time of year and trigger these changes is called the photoperiod, which is defined as the relative lengths of day and night.  Photoperiodism is the response of plants to changes in these day / night lengths.  There are two types of photoperiodism (given below):
A. Short-day plants flower late in the summer or in the autumn, when the day-length (period of light) shortens.
B. Long-day plants flower in the late spring or early summer, when the day-length lengthens.
C. Note: Scientists have actually determined that it is the night-length (period of darkness) that triggers flowering.  Therefore, short-day plants should be known as long-night plants, and long-day plants should be known as short-night plants. 
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 Animals can also respond to the environment using physiological events. For example, when human body temperature falls, the blood vessels constrict (narrow) to help conserve heat and the muscles contract involuntarily (shivering), which generates heat to bring the body back up to its normal core temperature.  When human body temperature rises, the blood vessels dilate (widen) to help release heat and sweat glands release fluid so that heat can be lost via evaporative cooling to bring the body back down to its normal core temperature.

6. Certain types of fungi, bacteria, and protists form reproductive structures called fruiting bodies under certain environmental conditions. For example, myxobacterial cells group together when nutrients are scarce to form the fruiting body.  Once grouped together within the fruiting body, the bacterial cells become myxospores, which have thick cells and are more likely to survive until nutrients are more abundant.  
How are behaviors coordinated to respond to the environment?

7. Organisms must also regulate their behaviors so they can respond to information / stimuli in the environment and communicate with others of their species. When determining the cause of a particular behavior, scientists consider both the proximate cause and the ultimate cause.  The proximate cause is the specific environmental stimulus that triggers the behavior and any physiological changes that are required to perform the behavior.  The ultimate cause is the evolutionary reason for the behavior.  In other words, why is this behavior adaptive?  There are two types of behaviors—innate and learned. 

A. Innate behaviors are inherited.  These are often called “instincts.”  An example of an innate behavior is a fixed action pattern (FAP).  A fixed action pattern is a sequence of innate (unlearned) behaviors that is not changeable.  Once an organism begins the behaviors of a fixed action pattern, it is almost always carried through to completion.  A fixed action pattern is triggered by an environmental stimulus called a sign stimulus.  An example of a fixed action pattern occurs in the male three-spined stickleback fish.  The male attacks other males that invade its nesting territory in response to a sign stimulus (the red belly of the intruder).  The proximate cause of this behavior is the red belly of the intruding male.  The ultimate cause is that the male increases his genetic contribution to the next generation (and thus his reproductive fitness) by ensuring that eggs laid in his territory by a female will be fertilized by his sperm, not the sperm of another male. 
B. Learned behaviors are not inherited.  Learning is defined as changes in behavior that are based on specific experiences.  One very simple example of learning is imprinting in geese.  After hatching from their eggs, goslings follow a particular adult goose they have learned to recognize as their parent.
C. Behaviors such as migration are often under genetic control.  For example, the black cap is a small bird that ranges from the coast of West Africa to northern Europe.  Some populations of the bird migrate and others do not.  When migratory populations are held captive during the migratory season, they hop around their cages and flap their wings, a phenomenon called “migratory restlessness.”  Migration patterns can changes as a result of environmental changes.  For example, blackcaps in Germany used to migrate southwest to the Mediterranean Sea, but now some migrate northwest to Britain as a result of an increasingly mild winter climate in Britain and improved winter food (partially because British citizens are increasing their use of winter bird feeders).  
D. Cooperative behaviors within or between populations can enhance the survival likelihood in the population. For example, humans and gut bacteria have a mutualistic relationship that benefits both organisms.  Certain strains of E. coli bacteria live in the large intestine and help humans to digest certain molecules in food so that they can maximize nutrient absorption.  In return, humans provide a nice place for the bacteria to live.  Pollination between insects and plants is also a mutualistic relationship.  Insects are provided with nectar by the plant and in the process, transfer pollen from one plant to another to facilitate plant reproduction. 
