AP Biology
Transition of Life from Aquatic to Terrestrial Biomes

(Associated Learning Objectives: 1.15, 1.16, 2.2, 2.15, 2.16, 2.21, 2.22, 2.23, 2.27, 2.28, 2.35, 2.36, 2.39)
Important concepts from previous units:

1) All life forms are mostly water; therefore they are affected by sunlight intensity.

2) Water helps regulate the temperature of the Earth as well as for most life forms.

3) Gene expression is involved in all organisms’ developmental processes and is controlled by enzymes.

I. Sunlight and Ecosystems
A. Sunlight is the ultimate source of energy and warmth for earth.

1. Sunlight is used to power photosynthesis by producers; as well as keep the Earth warm enough to support life.

2. Sunlight intensity is a major force behind the types of Biomes/ Ecosystems found on Earth.

a. The intensity of sunlight, mixed with the wind patterns of Earth, can be seen in the Hadley cell models.
i. Light intensity is greatest at the equator – causing massive evaporation of water from the oceans and life forms.

ii. Light intensity lessens as you approach the poles- very little evaporation.

iii. Tropics (23.5°) are deserts due to high light intensity and little water availability and high evaporation.
    II.              Sunlight, temperature, and water regulation in plants
A. Plants require sunlight and water to power energy production in the process of Photosynthesis.

1. The process off photosynthesis yields the energy storage macromolecules of carbohydrates.

B. Sunlight is also responsible for  “directing” plant growth.

1. Plants release the hormone Auxin in the Apical (tip) meristems of shoots.
a. The Auxin travels down the “dark” side of the plant and thus stimulates those cells to elongate at a greater rate than the “light” side. This unequal growth causes the plant to bend, by growth, toward the light for maximum light exposure in the leaves. This growth is referred to as phototropism  (“photo” means light; “tropism” refers to a turning movement of growth in response to a stimulus)

b. This was first determined in an experiment by the naturalist Charles Darwin.

2. The absence of sunlight (darkness or nighttime) is responsible for flowering in plants.

a. Flowering is determined primarily by genetics and protein/enzyme activation.
b. These proteins, called phytochromes, essentially act as biological “clocks” for telling time.

i. Sunlight causes a shape change in the protein. (Cell Signaling again!) This shape change allows for the activation of Transcription and Translation of genes associated with making leaves into flowers by adding different light wavelength (color) reflecting pigments to the cells.

ii. Long night flowers – require long, uninterrupted periods of night to flower, such as seen in the fall and winter.

iii. Short night flowers – require short periods of night to flower.

iv. The duration of night needed to flower is referred to as the critical limit.

C. Transpiration (water loss through the stomata) is regulated by the guard cells.
1. The guard cells are controlled by phytochromes and Potassium ions (K+) movement. 

a. Potassium is moved by active transport and water follows. 

i. Potassium is pumped in to the guard cells; they swell because of water and open the stomata.

ii. Potassium is pumped out of the guard cells; they go flaccid and the stomata closes.

2. The stomata must be open to allow CO2 in to the leaf for photosynthesis to occur.

3. So it becomes a battle to control water loss versus CO2 intake for photosynthesis for land plants.

a. Remember the C3, C4, and CAM plants. These are related to the types of environments and water availability for photosynthesis. Then think about food chains and life forms found in each environment. It is all related… light, water, and life.

4. Transpiration rates are influenced by light intensity, wind, and humidity (moisture in the air).

III.         Sunlight, temperature, and water in animals

A. Water loss by animals is also in need of regulation. This is referred to as osmoregulation. This is part of homeostasis (maintaining a stable internal environment). Homeostasis requires tremendous amounts of energy.
1. This water loss could be from sweating, panting, breathing, and also waste removal (solid or liquid).
2. Removal of Ammonia (NH3) is essential to ward off death, but requires use of water. Ammonia is a byproduct of using amino acids in Cellular respiration by Deamination. It is removed from the body by the excretory system.

a. Fish release the ammonia directly into the water.

b. Other animals must use water to convert the ammonia to either urea or uric acid. This allows it to be stored and removed easily without causing death.

i. Mammals and Amphibians use Urine, a diluted form of urea, for waste removal. It also contains excess salt and other waste.
ii. Uric Acid is a paste-like substance (saves water) released by reptiles and birds.

3. Sweating or panting may be used to cool the body off during periods of extreme heat.  

a. Water from the body is used to remove heat. Remember water acts as a heat “trapper” therefore it can be used to remove excess heat quicker. 

b. This “warm” water is the moved to the surface and released. The wind (air movement) removes the water as it evaporates. This is referred to as evaporative cooling.

c. Animals that generate heat from their internal metabolism are referred to as endotherms.
d. Animals, such as reptiles, conform their body temperature to the surrounding environments. They are called ectotherms. (“ecto” means outer). They would not need to sweat. This saves water. Most of these are found in very warm environments such as deserts
4. During periods of cold, temperature is control by counter-current heat exchange. This uses the water in the circulatory system to help transfer heat from the internal body coming out in arteries to inward flowing blood in veins. The heat is transferred; not the water. Remember water can absorb heat. Metabolism and shivering can also help increase body temperature.
5. Controlling heat within an organism is referred to as thermoregulation. The structure in the brain that controls temperature is the hypothalamus.
6. Moist surfaces such as fish gills, amphibian skin, or internal lungs are required for gas exchange (CO2 and O2) to be possible. This causes land-based animals to lose water as they respire (breath).
