*Chapter 8


ANIMAL ADAPTATIONS TO THE 

ENVIRONMENT
ANIMALS AND NUTRIENT ACQUISITION

Plants are the source for animals of organic compounds.

The diversity of plants presents a wide range of potential energy source for animals. A wide variety of physiological, morphological and behavioral characteristics enable animals to exploit these plant energy sources.

Plants and animals have different chemical composition:

· Plants are high in carbohydrates and low in proteins.

· Animals are high fat and proteins and low in carbohydrates. 

Cellulose and lignin make up most plant carbohydrates.

Proteins contain a large amount of nitrogen

· The ratio of carbon to nitrogen in plants is 40 to 1.

· The ratio of carbon to nitrogen in animals is 14 to 1.

Herbivores are the animals responsible for converting plant protein into animal protein and fat.

MEANS OF ACQUIRING NUTRIENTS

Species interactions are called coactions. Coactions are reciprocal. 

The relationship of one species to another is the interface between population ecology and community ecology.

In trophic interactions one species uses another as food.

The relationship between the eaten and eater are strong evolutionary forces for both: an arms race.

TROPHIC INTERACTIONS.

· It is the basis of energy transfer through the community.

· There is a variety of strategies used to find food and to avoid to be eaten.

· It affects the population numbers of eaters and preys.

· It has an evolutionary effect through selection.

Herbivores: eat plant material

Carnivores: eat meat and other animals.

Omnivores: eat both plant and animal matter.

Detritivores: eat dead plant and animal. 

HERBIVORY

Herbivory means feeding on plants (syn. phytophagous).

· Herbivory includes defoliation and consumption of fruits and seeds.

· Defoliation is the destruction of leaves, bark, wood, roots and sap.

· It includes protozoans and animals that feed on bacteria and algae.

Herbivory affects plant growth and reproduction. It decreases the ability to survive even though it may not be killed outright.

Herbivory includes... 

· Eating fruits, nectar and pollen.

· Leaf mining, e.g. insect larvae

· Boring into stems, roots, seeds, buds and fruits, e.g. beetles.

· Root eating, e.g. pigs, gophers.

· Sap sucking, e.g. aphids.

· Gall formation, e.g. certain flies and wasps.

Types of herbivory

Many behavioral, morphological, and physiological adaptations are associated with herbivory.

· Grazers feed on grass and herbs.

· Browsers feed on twigs and leaves of woody plants.

· Frugivores feed on fleshy fruits.

· Granivores feed on seeds.

Grazing stimulates production of new tissues in grasses by removing older tissues functioning at a lower rate of photosynthesis.

The relationship between frugivores and plants is usually mutualistic.

Most grazers and browsers live on a high diet of cellulose. These are some of the dietary problems:

· High in carbon but low in protein.

· Most hydrocarbons are locked in the form of the indigestible cellulose.

· Grazers and browsers lack the enzymes needed to digest cellulose.

· These animals depend on specialized bacteria and protozoans living in their gut where they carry anaerobic fermentation.

Bacteria and protozoans digest cellulose and proteins, and synthesize fatty acids, amino acids, vitamins and proteins. 

Some species of wood-eating wasps and beetles depend on fungi for the digestion of cellulose and plant protein.

Ruminants include cows, deer, antelopes, giraffes, buffaloes, sheep and goats. These animals posses complex digestive systems. 

The ruminant digestive system:

The dairy cow is a magnificent producer of food. In approximately 10 months, a good cow can produce 496 pounds of protein, 784 pounds of energy in the form of the sugar lactose, 560 pounds of fat, and 112 pounds of minerals all in 16,000 pounds of milk. This is enough protein to supply the needs of a man for nearly 10 years, enough energy for 5 years, and enough calcium for 30 years.

This fermentation vat is composed of two areas called the reticulum and the rumen. The reticulum has a distinctive "honeycomb" appearance. It aids to help bring boluses of feed back up to the mouth for rechewing. It also serves as a receptacle for heavy foreign objects that she eats. A condition known as "Hardware Disease" may occur if a metal object such as wire or a nail is swallowed and punctures the reticulum wall. This condition may prove lethal for two reasons. First, the bacteria and protozoa can contaminate the body cavity resulting in peritonitis and second, the heart and diaphragm may be punctured by the object causing failure of these tissues.

The rumen is, by far, the largest compartment. Its purpose is to store large quantities of feed, keep the feed mixing by strong contractions, and to provide a suitable environment for the bacteria and protozoa to live. This environment is kept agreeable to the microorganisms by maintaining a relatively constant temperature and pH and by removing many of their waste products. Most of the waste products are volatile fatty acids. These volatile fatty acids are the primary sources of energy for the cow. They are absorbed by thousands of "finger-like" projections lining the bottom and sides of the rumen wall. These can be 1/2 inch long and they increase the surface area of the rumen so as to increase her ability to absorb volatile fatty acids.

Once the feed has been reduced in size by chewing and digestion by the bacteria and protozoa, it can pass into a third compartment called the omasum. This area has been nicknamed the "many-plies" due to its unique structure. It has the appearance of an open book with three sides bound. The tissues within are likened to the pages of a book and are called leaves. Up to 100 leaves can be found in the omasum. These leaves have small papillae on them, which absorb a large portion of the volatile fatty acids that were not absorbed through the rumen wall. Water and electrolytes such as potassium and sodium are likely absorbed here as well thus drying out the feedstuffs before they enter the next compartment.

This fourth and last compartment which make up the cow's stomach is the abomasum or "true" stomach as it is called because it functions in a very similar way to the stomach of a man or pig. As in the omasum, the abomasum contains many folds to increase its surface area. These leaves enable the abomasum to be in contact with the large amounts of feed passing through it daily. The walls of the abomasum secrete enzymes and hydrochloric acid. The pH of the digesta coming into the abomasum is around 6.0 but is quickly lowered to about 2.5 by the acid. This creates a proper environment for the enzymes to function. The chief digestive function of the abomasum is the partial breakdown of proteins. The enzyme pepsin is responsible for this. Proteins from the feed and the microorganisms coming from the rumen are broken down to smaller units called peptides before leaving. General Anatomy of the Ruminant Digestive System1

Authors: J. E. Umphrey and C. R. Staples, University of Florida.
http://edis.ifas.ufl.edu/BODY_DS061
More: http://library.thinkquest.org/11226/main/c10txt.htm
          http://www.vivo.colostate.edu/hbooks/pathphys/digestion/herbivores/microbes.html
          http://www.ca.uky.edu/agripedia/Classes/ASC106/GIRUMIN.asp
Herbivore digestive system is inefficient and their fecal matter contains a large amount of partially digested food rich in energy.

Coprophagy: Some animals ingest fecal matter to extract the energy that remains in the undigested food. 

Some coprophagous animals are 

· dung beetles, 

· young elephants to obtain bacteria from their mother’s feces, 

· lagomorphs like rabbits, hares have a simple digestive system and produce two kinds of pellets; the soft pellets are consumed and pass through the system twice,

· several species of monkeys.

FRUGIVORY

Frugivory is the feeding on fleshy fruits.

The relationship between frugivores and plants is usually mutualistic.

Frugivory as a year round activity is important in the tropics.

· 50 - 90% of the trees and shrubs produce fleshy fruits.

· There are always some species in bloom.

Frugivory is important in temperate regions during the summer and autumn months.

· Trees and shrubs tend to produce fleshy fruits in the late summer and autumn.

· The time when many animals are migrating.

SEED PREDATION

Seed predation removes individuals from the population.

Some plant species depend on seed predators to disperse their seeds. These species produce large number of seeds to insure that some will survive and germinate.

Seed production varies from year to year due...

· Response to favorable climatic conditions.

· Bumper crops use much energy and energy reserves have to be rebuilt.

By synchronizing years with abundant seed production alternating with years of poor seed production, seed predators are discouraged from increasing and remaining in the area.

The great abundance of seeds satiates the herbivore and allows some seeds to escape and germinate.

Years of abundant seed production coinciding with low predator population will overwhelm the predator population and many seeds will escape predation.

If all seeds mature at the same time and are released, the seed-predator will not be able to eat all of them.

Weather events synchronize seed production. 

CARNIVORY

First level carnivores feed on herbivores.

Second level carnivores feed on first level carnivores.

In some communities there are higher levels of carnivory.

Carnivores do not have the difficulty of herbivores digesting food. There is a greater similarity in the chemical composition of the food and the flesh of the carnivore

Carnivores have a shorter intestine than herbivores because they do not have to digest large amounts of cellulose. 

OMNIVORY

Omnivores feed at several trophic levels: herbivory, carnivory, etc.

The food habits of many omnivores vary with the season.

DETRITIVORES

Detritivores feed on dead organic matter: dead leaves, fallen twigs, etc.

Detritivores depend on mutualistic relationships with microorganisms to help in the breakdown of cellulose and lignin.

They are mostly invertebrates. 

NUTRITIONAL NEEDS

Nitrogen is an essential component of proteins.

The highest quality of food is rich proteins.

Animals require 20 amino acids to make their proteins; 14 of these amino acids are essential in the diet. They have to come from food. The animals do not make them.

Insects have the same dietary requirements as vertebrates, although the need more potassium, phosphorus, and magnesium and less calcium, sodium, and chlorine. 

The highest quality food is high in nitrogen in the form of protein. 

Plants are ultimate source of these nutrients.

The highest amount of nitrogen is concentrated in the young shoots and leaves, the new growth.

Bacteria in the rumen of ruminants synthesize vitamin B1 and some amino acids from simple nitrogenous compounds. 

Carnivores rarely have a dietary problem because they consume animals that have resynthesized and stored protein and other nutrients from plants in their tissues. 

Mineral deficiency seems to be responsible in part for the distribution of several species.

· Sodium, magnesium and calcium influence the distribution and fitness of grazing herbivores.

Large herbivores seek mineral licks, where they eat soil rich in minerals.

· Spring vegetation is high in K relative to Ca and Mg.

· High K in the diet stimulates the production of aldosterone,

· This stimulates the excretion of K and Mg.

· Herbivores then experience a deficiency of Mg and seek animal licks.

Quantity more than quality seems to be more limiting to carnivores. 

LINK BETWEEN FOOD SOURCE, SPECIES MORPHOLOGY AND BEHAVIOR.

Consumers utilize a wide variety of food sources.

Each type of food presents a constraint related to the ability of the organisms to acquire and assimilate the food item.

These constraints directly influence the evolution of characteristics relating to the physiology, morphology and behavior of the species. 

The morphology of each species allows it to exploit a specific food source.

Species live in different habitats according to their ability to exploit the food sources. 

http://birds.ecoport.org/Identification/EBbeaks.htm
ANIMAL ADAPTATIONS TO THE THERMAL ENVIRONMENT

In order to maintain the body temperature within a tolerable range, the animal must maintain a balance between the heat gained and the heat lost. 

The rate of metabolic heat production is equal to the gain/loss of heat through convection, conduction, radiation, evaporation and the rate of heat storage in body through metabolic processes.

The thermal balance in the core of the animal is influenced by 

· heat produced by metabolism, 

· heat stored, 

· heat flow to skin and affected by the thickness and conductivity of fat, fur, hair, feathers, and scales, 

· heat flow to the ground  

· heat lost by evaporation. 

A general formula for the heat balance in animals is...

M = Ko(Tb - Ta)

M = net metabolic heat production.
Tb = body core temperature.  Ta = atmospheric temperature.

Ko = constant for a given set of conditions variable among species; it is a function affected by surface area, conduction, convection, and radiation.

The terms homeotherm, poikilotherm and heterotherm emphasizes the nature of the variation of the body temperature. 

1. Homeotherm – body temperature held constant across range of environmental temperatures, e. g. birds and mammals.

2. Poikilotherm – body temperature fluctuates with environment, e. g. fish, amphibians, reptiles and invertebrates.

3. Heterotherm – animals that are facultative endothermic homeotherms, but don’t consistently maintain body temperatures, e. g. bees, bats. 

The terms endotherm and ectotherm emphasizes the mechanism by which body temperature is determined. 
1. Endotherm – any animal deriving majority of body heat from internal metabolism.

a. energetically expensive

b. generally capable of high levels of aerobic activity – e.g. distance running, flying, etc.

c. involves adaptations for conserving body heat – e.g. fur, feathers

2. Ectotherm – animals that routinely derive majority of body heat from their environment

a. energetically less expensive – more energy goes to growth and reproduction

b. slower at cold temperatures

c. involves adaptations for maintaining physiological functions despite body temperature fluctuations – e.g. different enzymes that function at different temperatures, changes in lipid composition of cell membranes to maintain fluidity

POIKILOTHERMS

Poikilotherms have a high thermal conductance between the body and the environment and a low metabolic rate.

Their rate of metabolism at rest increases exponentially with an increase of ambient temperature.

For every 10oC rise in temperature, oxygen consumption and thus metabolic rate doubles. 

· Hoff's rule describe these relationship:
 Q10 =Rt/Rt-10
Q10 = temperature coefficient.

Rt = rate at any given body temperature T.

Rt-10 = rate of body temperature at T - 10oC.

The Q10,  temperature coefficient, for most poikilotherms is around 2.

The range of body temperatures over which poikilotherms carry out their daily activities is called the active temperature range, ACT.

Many animals show little sensitivity to drastic temperature changes within their active temperature range.

Disadvantages:

· Activity is limited to periods of the day when the temperature is high enough, ACT range.

· Active in temperate zones during spring, summer and early fall.

· When energy consumption is high, they depend on the anaerobic breakdown of glycogen for energy, which causes the accumulation of lactic acid in tissues.

Advantages:

· Poikilotherms reduce metabolic activity during periods of temperature extremes and of food or water shortage. 

· Low energy demands enable them to colonize areas of limited food and water, such as deserts. 

· They are not limited to a minimum size and definite shape, e.g. paramecia, millipedes, snakes; they can exploit habitats that are unavailable to homeotherms. 

Adaptations to high temperature

The rate of heating decreases in poikilotherms as size increases.

Large poikilotherms (over 10 kg) such very large lizards and tortoises, heat slowly and need a much higher temperature than smaller ones to reach the active Tb. They are found in habitats with little temperature fluctuations.

Aquatic poikilotherms (fish and aquatic invertebrates) live in a generally more stable environment and have less behavioral and physiological thermoregulatory capabilities than terrestrial forms. Their body temperature matches that of the surrounding water.

· Fish can become acclimatized within the limits of thermal tolerance. The upper and lower limits of their thermal tolerance varies with the temperature at which the fish has become acclimatized. 

· If the fish lives at a the higher end of the tolerance range, it acclimatizes so that both the lethal high and lethal low temperatures are higher than if it were living within the cooler end of the range. 

· Aquatic poikilotherms can adjust slowly to seasonal temperatures.  

Amphibians seek preferred temperatures within their habitat. 

· Semiterrestrial salamanders vary their body temperature with the season and have little behavioral thermoregulation. They live in moist, shaded places.

· Semiterrestrial frogs use heliothermism to increase their body temperature. Because of evaporation these animals live near water. 

Reptiles show little relation between their core temperature and the ambient temperature.

· They cool their body by panting and by evaporation through the skin.

· Critical thermal maximum (CTM) is the temperature at which the movement of the animal is so reduced that it cannot escape from the thermal conditions that will lead to is death. 

· They use heliothermism and other behavioral means of controlling their body temperature.

Adaptations to lower temperatures.

Supercooling occurs when the body temperature falls below freezing without freezing body fluids. 

Solutes in the cytosol of the cells allow supercooling to occur. Some of the substances involved are glycerol, sorbitol, and mannitol.

Some intertidal invertebrates in high latitudes and some aquatic insects survive the cold by freezing and then thawing. 

· Up to 90% of the body fluids freeze; the remaining fluids contain highly concentrated solutes, polypeptides and glycopeptides. 

· Ice is formed outside the cells by moving water out of the tissues into body spaces. The organs become distorted temporarily.

· Increase is glycerol lowers the freezing point of cells. 

Insects enter a resting state called diapause.

Diapause - neurohormonally mediated dynamic state of low metabolic activity.  Occurs in genetically determined stages species specific in response to token stimuli.  Once diapause is initiated it does not terminate with immediate return of favorable conditions. Dr. Leon G. Higley, Professor of Entomology, University of Nebraska, Lincoln.
http://entomology.unl.edu/lgh/ent806/lecture06a_diapause.htm
Many species of insects have evolved a strategy called diapause. Diapause is a suspension of development that can occur at the embryonic, larval, pupal, or adult stage, depending on the species. In some species, diapause is facultative and occurs only when induced by environmental conditions; in other species the diapause period has become an obligatory part of the life cycle. The latter is often seen in temperate-zone insects, where diapause is induced by changes in the photoperiod (the relative lengths of day and night). The day length when 50% of the population has entered diapause is called the critical day length, and it is usually quite sudden (Figure 1). Insects entering diapause when the day length falls below this threshold are called long day insects. Those insects that develop normally when there are only a few hours of sunlight and that enter diapause when exposed to longer days are called short-day insects. The critical day length is a genetically determined property (Danilevskii 1965; Tauber et al. 1986).

Diapause is not a physiological response brought about by harsh conditions. Rather, it is brought about by token stimuli that presage a change in the environment. Diapause begins before the actual severe conditions arise. Diapause is especially important in temperate zone insects that overwinter. Embryos of the silkworm moth Bombyx mori overwinter as embryos, entering diapause just before segmentation. The gypsy moth Lymantia dispar initiates its diapause as a fully formed larva, ready to hatch as soon as diapause ends. Other insects experience diapause as eggs, pupae, or even as adults.
Developmental Biology, Seventh Edition, Scott F. Gilbert, March 2003.  

http://www.devbio.com/article.php?ch=22&id=211
HOMEOTHERMS

Birds and mammals are endotherms. The maintain their thermal optimum by oxidizing glucose and other energy-rich molecules. 

Homeotherms remain active regardless of the environmental temperature but at a high-energy cost.

Endothermic homeothermy provides a steady state for physiological and biochemical functions (e.g. locomotion, enzymatic activity, membrane and action potentials, digestion, growth, excretion), and offers profound ecological consequences by allowing these animals to be active for longer periods and over a wider range of habitats (Bartholomew, 1977; Heinrich, 1977; Crompton et al., 1978; Avery, 1979; Block et al., 1993; Somero et al., 1996).

The Journal of Experimental Biology 205, 2099-2105 (2002)
K. Mark Wooden* and Glenn E. Walsberg
http://jeb.biologists.org/cgi/content/full/205/14/2099
They regulate their body temperature by...

1. seasonal changes in insulation, 

2. evaporative cooling: vasodilation, vasoconstriction, 

3. increasing or decreasing production of metabolic heat: shivering

There is a relationship between body size and basal metabolic rate at rest. Basal metabolic rate is measured as oxygen consumption. 

· As body mass increases, basal metabolism decreases; as body mass decreases, basal metabolism increases. 

· For each species there is a range of environmental temperatures within which the metabolic rates are minimal, the thermoneutral zone. The animal does not have to regulate its temperature within this range.

· Outside this zone, metabolism increases. When core body temperature crosses the upper threshold of this zone, sweating occurs; when it drops below the lower threshold, shivering results.
· Critical temperatures mark the thermoneutral zone.

Animals lose heat to the environment in proportion to the surface area exposed relative to volume of body mass. The greater the surface-to-volume ratio of a part of the body, the faster it can transfer heat to its surroundings.

At rest within the animal's thermoneutral zone, maintenance of the metabolic machinery necessary for increased activity and thermogenic capacity results in a basal metabolic rate that is 8-10 times higher than the standard metabolic rate of a similar-sized ectotherm (Bennett and Ruben, 1979; Else and Hulbert, 1981) http://jeb.biologists.org/cgi/content/full/205/14/2099
Regulation of heat exchange

Countercurrent heat exchange is a specialized parallel arrangement of incoming arteries and outgoing veins that transfer heat from warm arterial blood to cold venous blood, forming a heat exchanger that conserves heat in the body core.

· The arteries and vein are often divided into a large number of small, parallel intermingling vessel that  form a discrete vascular bundle or net known as rete.

· Within the rete the blood flows in two directions and a heat exchange takes place. 

If the ambient temperature is higher than the core temperature, heat will flow into the body and cause heat stress. 

Sweating, panting  and gular fluttering are forms of evaporative cooling.

Changes in the insulating layer of the body help to maintain optimal body temperature.

Shivering in the uncoordinated, involuntary, high frequency contraction of skeletal muscles that converts chemical energy to thermal energy. 

In mammals, certain hormones can cause mitochondria to increase their metabolic activity and produce heat instead of ATP. This is called nonshivering thermogenesis, NST.

Most endotherms have a specialized heat-producing tissue called brown adipose tissue.

· This tissue has many mitochondria and large amount of stored fats.

· When fats are oxidized no ATP is produced but much heat is released.

· Brown adipose tissue releases about 10 times more heat than other body tissues.

· It is an adaptation of small endotherms to achieve the required body temperature.

“Like the ATP synthase, thermogenin is a proton channel in the mitochondrial inner membrane that permits the translocation of protons from the mitochondrial intermembrane space to the mitochondrial matrix. Unlike ATP synthase however, which ‘couples’ proton translocation to synthesis of ATP, thermogenin catalyzes a ‘wasteful’ proton leak across the mitochondrial inner membrane. It is termed an uncoupling protein because it ‘uncouples’ the mitochondrial proton gradient from the generation of ATP by ATP synthase. This mechanism is regulated by hormones.”   http://en.wikipedia.org/wiki/Thermogenin
HETEROTHERMS

Heterotherm – animals that are facultative endothermic homeotherms, but don’t consistently maintain body temperatures. 

At different times of the day or season, they take characteristics of endotherms or ectotherms.

a.) Regional heterotherms – animals that allow some body parts to stay at lower temperature 

     than others.

1.) examples – birds in winter, humans in cold room.

2.) generally involves alteration of circulation and/or counter current heat exchange between blood vessels.

b.) Temporal heterotherms – animals that expend a greater amount of energy maintaining 

     their body temperatures during some periods of the day or year as compared to others.

1) Torpor – periods during the day when traditionally endothermic animals let their body 

     temperatures fall.

i.) conserves energy

ii.) generally restricted to periods when animal would be inactive – e.g. night for

     birds, day for some mammals; hummingbirds, poorwills, bats, pocket mice, 

     kangaroo mice.

iii.) generally smaller animals – high SA/Vol ratios result in rapid heat loss/high 

     energy expenditure to maintain body temp.

2.) Hibernation – seasons during the year when traditionally endothermic animals let their body temperatures fall.

i.) saves energy

ii.) body temperature must fall to qualify as true hibernation – e.g. bears are not 

    hibernators because body temperature rarely falls much below normal, ground 

    squirrels are hibernators because Tb  drops significantly

3.) Other examples when traditionally ectothermic animals generate body heat for 

     specific activities

i.) Insect flight. 


a)  flight temperature range for insects is between 30oC and 44oC.

b) many insects can fly at low environmental temperatures (0 o C or less)  

    – e.g. night/winter flying moths, bumblebees.

c) contract flight muscles isometrically to generate heat – e.g. shivering 

     of moths.

d) often rely on countercurrent exchange to maintain higher temperature 

     of some body regions but not others – e.g. aorta passes near the  

     thorax flight muscles and cooled in the abdomen thermal window.

e) often have adaptations for conserving heat – e.g. hair/fur of moths and 

     bees.

ii.) Large, active fishes

a.) most fish lose heat generated by muscles to surrounding water, especially when blood circulates in countercurrent fashion to water flow through gills.

b.) large fish (e.g. tuna, sharks) generate significant amounts of heat through muscle activity when swimming.

c.) unique pattern of blood flow keeps cold blood from the gills near the body surface.

d.) counter current heat exchanger warms blood flowing to body core

e.) enhances capacity for activity.

iii.) Egg-brooding snakes – female pythons contract muscles isometrically to 

      elevate body temperature 5-7ºC above environment to speed egg 

      development.

Torpor is a dormant state in which the activity of the animal is low and metabolism decreases.

Torpor is a state of regulated hypothermia in an endotherm lasting just a few hours. Animals that go through torpor include small birds like hummingbirds and some small mammals such as bats. During the active part of their day these animals maintain normal body temperature and activity levels, but their body temperature drops during a portion of the day (usually night) to conserve energy. Torpor is often used to help animals survive in a cold climate, since it allows the organism to save the amount of energy that would normally be used to maintain a high body temperature. http://en.wikipedia.org/wiki/Torpor
· Torpor occurs when conditions become unfavorable and/or food is not available.

· Some small mammals and birds exhibit daily torpor that seems to be adapted to their feeding patterns, e. g. bats and shrews during the day, chickadees and hummingbirds at night.

Hibernation is long-term torpor that evolved as an adaptation to winter cold and food scarcity. 

Hibernation is a state of regulated hypothermia, lasting several days or weeks that allows animals to conserve energy during the winter. During hibernation animals slow their metabolism to very low levels, with body temperature and breathing rates lowered, gradually using the body fat reserves that were stored during the active warmer months. Some hibernating animals stir as often as once a week; other animals sleep through the entire season. 

Both land-dwelling and aquatic mammals hibernate. Animals that hibernate include mice, bats, ground squirrels, terrapins, snakes, frogs, and newts. http://en.wikipedia.org/wiki/Hibernation
· Body temperature may be reduced to as low as 1°C - 2°C. 

Estivation is summer torpor that enables animals to survive high temperatures and low water supply. 

ANIMAL ADAPTATIONS TO THE MOISTURE ENVIRONMNET

Osmoregulation is the management of water content in the body and solute composition.

When two solutions separated by a selectively permeable membrane have the same osmolarity are said to be isoosmotic. The terms hyperosmotic and hypoosmotic are also used.

Osmoconformers are isoosmotic to their surroundings.

Osmoregulators are animals that must control their internal osmolarity.

Marine invertebrates and hagfishes are osmotic conformers. Their body fluids vary with changes in the seawater.

Marine bony fish must replace lost fluid.

· They lose water osmotically through their skin and gills.

· Drink large amounts of water and take in salt.

· Excrete excess salt through their gills through active transport.

· Excrete little urine in order to conserve water.

Chondricthyes accumulate and tolerate urea and their tissues are hypertonic to seawater.

· Water diffuses into their body.

· They maintain a high concentration of urea and trimethylamine oxide (TMAO), which protects proteins from damage by urea. 

· Concentration of body salts, urea, TMAO and other compounds is greater than 1,000 mosm/L and therefore slightly hyperosmotic to seawater. This decreases the water loss through the skin. 

· Water slowly enters the body of sharks and relatives. 

· Kidneys excrete large volume of urine.

· Excess salt is excreted by the kidney and in some by the rectal gland.

In freshwater fish...

· Freshwater is hypotonic to the cell.

· Ions tend to move out of the cell into the surrounding water.

· Electrolytes lost must be replace by eating and by active transport from the surrounding water.

· The gill cells are hypertonic relative to the surrounding water, therefore, the cells gain water through osmosis.

· Cells and tissues that are gaining water are under osmotic stress.

· Osmotic stress means that the concentration of solutes in the cells and tissues is abnormal.

· The ability to achieve electrolyte balance is called osmoregulation.

· Freshwater fish excrete large amounts of water in the urine and do not drink water.

· Some protists have contractile vacuoles that pump out excess water. 

Some animals that live in temporary ponds or films of water around soil particles can lose almost all their body water and survive. This ability is called anhydrobiosis.

· Tardigrades (water bears) contain 85% water in their body; in a dehydrated state they have less than 2% water in their bodies.

These animals can live in this desiccated state for years. The mechanism is not understood.

Land animals...

· Land animals constantly lose water to the environment through evaporation.

· Gas exchange occurs through the wet surfaces of the lung epithelium.

· Sweating and panting in order to keep their body cool also loses water.

Vertebrates depend on the kidneys to maintain water balance. 

· The concentration of urine depends on the length of the loop of Henle.

· The longer the loop, the more concentrated the urine.

Marine mammals that have drunk seawater possess large kidney with long loops that eliminate salt in highly concentrated urine.

Adaptations to deserts: 

1. Many desert mammals obtain water from their own metabolic process. 

· The oxidation of fats and carbohydrates produces water.

· They have very long loops of Henle and produce highly concentrate urine.

2. Some desert animals can tolerate some degree of dehydration

· Desert rabbits can stand up to 50% loss of their body weight.

· Camels up to 27% of their body weight.

3. No sweat glands.

4. Dry feces.

5. Hyperthermia: 

Hyperthermia is an acute condition resulting from excessive exposure to heat, it is also known as heat stroke. The homeothermal regulatory mechanisms become overwhelmed and unable to effectively deal with the heat, and body temperature climbs uncontrollably. Wikipedia
"...adult Arabian oryx (Oryx leucoryx) during 2 years in the arid desert of west-central Saudi Arabia. We report the first case of heterothermy in a free-living ruminant in a desert environment: Tb varied by 4.1±1.7°C day–1 during summer (June to September) and by 1.5±0.6°C day –1 during winter (November to March). Over both seasons, mean Tb was 38.4±1.3°C.... Without heat storage in summer, we estimated that oryx would have to increase their water intake by 19%, a requirement that would be difficult to meet in their desert environment. If heat storage was calculated based on the daily change in Tb rather than on heat storage above mean Tb then we estimated that oryx saved 0.538 litres H2O day–1 animal–1 during summer."

Stéphane Ostrowski, Joseph B. Williams and Khairi Ismael

The Journal of Experimental Biology 206, 1471-1478 (2003)

http://jeb.biologists.org/cgi/content/full/206/9/1471
If Tb rises above ambient temperature, this drives the force Tb – Ta reducing the dependence on evaporative heat loss; it also reduces the intake of heat, thus conserving water. 
"Birds have a primitive, largely reptilian type kidney, which, although able to secrete some salt, is quite poor at it. The ability to process salt varies between species, but most can produce uric acid with a maximum salt concentration of about 300 mmol/litre. To compensate for the kidneys, birds posses another reptilian feature that serves specifically to excrete salt the nasal gland. Also known as the salt gland, it is located in the birds skull in the forehead. Although the nasal gland is present in all birds, it is functional only in those species that are regularly exposed to salt in their diet. The salt concentrating capability is dependent on the ecology of the species, but adaptive and, possibly, acclimative changes can occur. In birds that regularly eat a diet high in salt or drink salt solutions, the nasal glands increase in size. The only land birds with active nasal glands are some desert species such as the ostrich, and many birds of prey.

Nasal glands are able to excrete salt in high concentrations about ten times as high as kidneys are able to. This enables all seabirds to eat fish, crustaceans and even plankton, and to drink seawater. In an experiment, a black-backed gull was given one tenth of its body weight (equivalent to about 7 litres or 13 pints for an adult human) of seawater. The bird eliminated the entire salt load in 3 hrs! The nasal gland is only active when it is needed to eliminate salt."

Royal Society for the Protection of Birds.

http://www.rspb.org.uk/birds/advice/birdsalt/index.asp
RESPONSE TO DROUGHT AND FLOODING

Seasonal and periodic droughts can have pronounce effects on animal populations.

Rainfall influences the quantity and quality of forage, which in turn influences mortality and may affect density.

Drought stress promotes outbreaks of leaf-eating insects by influencing thermal and nutritional conditions that favor insect growth. 

The increased contents of nitrogen, minerals and sugars in the leaves of drought-stressed plants provide a rich food for leaf-eating insects.

High temperatures raise the rate and efficiency of enzymatic reactions in insects, and enhance their detoxification systems.

There is an optimum humidity at which the nymphs of some insects develop the fastest. 

Excessive moisture encourages the growth of pathogens, especially fungi, among insect populations.

ANIMAL ADAPTATIONS TO THE LIGHT ENVIRONMENT

Daily and seasonal changes in the light environment trigger daily and seasonal responses in the activities of animals. 

Chronobiology examines the animal cycles caused by daily and seasonal cycles. 

CIRCADIAN RHYTHMS 

The circadian rhythm is a name given to the "internal body clock" that regulates roughly regulates 24-hour cycle of biological processes in animals and plants. 

The term circadian comes from the Latin circa, meaning "around" and dies, "day", meaning literally, "around the day."

The period of the circadian rhythm, the number of hours from the beginning of a period of activity one day to the beginning of activity on the next, is called the free-running cycle. 

Circadian rhythms are physiological and behavioral rhythms and include:

– sleep/wakefulness cycle

– body temperature

– patterns of hormone secretion

– blood pressure

– digestive secretions

– levels of alertness

– reaction times

Circadian rhythms are genetically controlled. They are...

· Affected little by temperature

· Insensitive to  a great variety of chemical inhibitors

· Are not learned

· Are not imprinted on the organism by the environment.

Animals and plants are influenced by two daily periodicities: 

· an external rhythm of 24 hours 

· the internal circadian rhythm of approximately 24 hours. 

For the two rhythms to be in phase, some time-setter must adjust the internal and external periods.

Light brings the circadian rhythm of organisms into phase with their external environment. 

THE BIOLOGICAL CLOCK

"The daily light-dark cycle governs rhythmic changes in the behavior and/or physiology of most species. Studies have found that these changes are governed by a biological clock, which in mammals is located in two brain areas called the suprachiasmatic nuclei. The circadian cycles established by this clock occur throughout nature and have a period of approximately 24 hours. In addition, these circadian cycles can be synchronized to external time signals but also can persist in the absence of such signals. Studies have found that the internal clock consists of an array of genes and the protein products they encode, which regulate various physiological processes throughout the body. Disruptions of the biological rhythms can impair the health and well-being of the organism."

Overview of Circadian Rhythms by Martha Hotz Vitaterna, Joseph S. Takahashi, Fred W. Turek.
http://www.niaaa.nih.gov/publications/arh25-2/85-93.htm
The biological clock is the time-keeper of biological and physiological activities in organisms. 

The biological clock maintains the circadian rhythm.

The persistence of rhythms in the absence of a dark-light cycle or other exogenous time signal clearly seems to indicate the existence of some kind of internal timekeeping mechanism, or biological clock.

· In unicellular organisms and plants, the clock appears to be located in individual cells.

· In multicellular organisms it is located in the brain.

· In most insects studied appears to be located in the optic lobe or in the tissue between the optic lobe and the brain.

· In birds the clock is located in the pineal gland.

· In mammals, it is located in a part of the hypothalamus just above the optic chiasm, the
suprachiasmatic nuclei (SCN), where the two optic nerves intersect; the pineal body also plays a role. The SCN is in the hypothalamus. It is a tiny cluster of about 10 thousand nerve cells.

· Disruption of the clock or its synchronization occurs during jet-lag, shift work

and old-age.

· Disruption of the clock detrimentally affects our well-being and mental and

physical performance.
“Production of melatonin by the pineal gland is under the influence of the suprachiasmatic nucleus of the hypothalamus (SCN) which receives information from the retina about the daily pattern of light and darkness. This signal forms part of the system that regulates the circadian cycle, but it is the SCN that controls the daily cycle in most components of the paracrine and endocrine systems.”

Richardson G (2005). "The human circadian system in normal and disordered sleep.” J Clin Psychiatry 66 Suppl 9: 3-9; quiz 42-3. 

Perreau-Lenz S, Pévet P, Buijs R, Kalsbeek A (2004). "The biological clock: the bodyguard of temporal homeostasis.” Chronobiol Int 21 (1): 1-25.

The biological clock is reset every day by dawn and dusk.

The operation of the clock in mammals involves a special hormone, melatonin, produced by the pineal gland that serves to measure time.

More melatonin is produce in the dark than in the day. The amount produced is a measure of changing daylength. 

Biological Clock and Melatonin  

Alan Hedge, Cornell University, 11/1999. Biological Rhythms
The circadian clock controls longer term cycles:

– seasonal rhythms in reproduction

– seasonal rhythms metabolism and appetite

The pineal hormone melatonin, (a hormone that induces sleep) mediates this seasonality.

Melatonin is synthesized from tryptophan. 

The SCN clock ensures that melatonin is secreted only at night. Melatonin secretion last

longer on the longer winter nights.

The duration of the circadian melatonin is used by the brain to orchestrate seasonal rhythms.
MODELS OF BIOLOGICAL CLOCKS

It appears that the biological clock is organized as a hierarchy of clocks. 

The various overt rhythms influencing physiological and behavioral process are controlled by subservient or slave clocks coupled to a master clock. 

When the master clock is reset by a light signal, it in turn resets the other clocks. 

A slave clock may take longer to reset thus causing temporary disturbance. 

Biological clocks let the organism anticipate environmental cues. 

· Transition from night to day go along with changes in humidity and temperature.

CRITICAL DAYLENGTHS

In the higher latitudes the daily periods of light and dark lengthen and shorten with the seasons. 

The activities of plants and animals are geared to the changing seasonal rhythms or night and day. 

Most animals of temperate regions have reproductive periods that closely follow changing daylengths of seasons.

· For most birds the height of the breeding season is the lengthening days of spring.

· For deer the mating season is the shortening days of fall.

The signal for these responses is critical daylength. 

Many organisms have short-day and long-day responses.

One critical daylength is reached as long days move into short, and other as short day move into long.

The direction from which the critical daylength is approached distinguishes the possible critical daylengths.

Some examples of physiological and behavioral activities controlled by light:

· Diapause is usually controlled by photoperiod.

· Gonadal development in birds.

· Spring migration in birds.

· Food storage in mammals.

· Reproduction in mammals.

· Antler growth in deer.

Diapause is a period in which development is suspended and physiological activity diminishes.

TIDAL AND LUNAR CYCLES

Animals that live in the intertidal zone of the sea show rhythms in their behavior that coincide with the cycles of high and low tides. 

Their rhythms mimic the ebb and flow of tides every 12.4 hours, which is one-half of the lunar day of 24.8 lunar hours, the interval between successive moonrises.

Research suggests that intertidal organisms have one independent clock to synchronize daily activities and two strongly coupled circalunidian clocks to synchronize tidal activity.

· Each lunar day clock drives its own tidal peak.

· In one clock quits ticking in the absence of environmental cues, the other continues running.

Day-night cycles reset solar-day rhythms, and tidal changes reset tidal rhythms. 

