FRESHWATER STREAMS: ABIOTIC FACTORS

NITROGEN
Importance: a constituent of proteins, nucleic acids, ATP, NAD and NADP and therefore vital for general growth as well as processes such as respiration and photosynthesis.

Sources: heterotrophs depend on the element being in their food e.g. in protein, many autotrophic living things can utilise it as inorganic nitrate, a number of microbes can use it in other forms including nitrogen gas in the case of nitrogen fixers.

Effect on distribution: the best examples are for plants where in areas of low nitrate availability plants with specific adaptations or a general low requirement can grow. The same plants would be unable to grow where nitrate is plentiful because they would be unable to compete with other plants. Special adaptations include the mycorrhizal association with fungi and the association of legumes with nitrogen fixing bacteria in their root nodules.

Heterotrophic organisms cannot assimilate inorganic nitrogen but feed on sources of organic, nitrogen‑containing compounds, using hydrolytic enzymes to absorb monomers which are then assimilated. Mammals have a limited ability to convert essential nitrogen-containing compounds to other forms and so they may be limited by a lack of essential fatty acids in foods containing a low carbon:nitrogen ratio.

TEMPERATURE

Importance: temperature as a measure of energy availability directly effects rates of reactions and therefore chemical reactions in living things. In addition, high temperatures are disruptive in that they damage membranes which then lose their selective permeability and they can denature protein enzymes. Low temperatures can be damaging if ice crystals form inside cells. High and low temperatures can also have an effect on water availability.

Sources: heat can be collected (or lost to) the environment or it can be produced as a product of metabolic reactions inside cells.

Effect on distribution: good examples are where living things have specific adaptations which allow them to survive in extreme climates. Plants with xeromorphic features can survive high temperatures, sometimes using transpiration to cool leaves and features like white hairs to increase radiation. Mosses sometimes have a chemical antifreeze in their cells to reduce frost damage. Animals possess cold-climate features like blubber, fur and hot-climate features like sweating, light coloured skin and panting. Animals also survive through behavioural adaptations e.g. migration and hibernation. Prokaryotes in extreme high temperature environments such as volcanic springs have enzymes that function properly at temperatures above 95OC.

LIGHT

Importance: Green plants, certain bacteria and the cyanobacteria use light as their energy source. It enables them to fix carbon dioxide and produce complex organic molecules. Since they are the producing organisms, most other forms of life depend on light as the source of their energy. Light can also be detected by a variety of organisms enabling them to respond to feed and avoid predators.

Sources: Although artificial light is a significant source in some situations, the sun is the chief source.

Effect on distribution: Rather than describe the obvious situation that green plants are not found where there is no light, some green plants have specific adaptations that allow their range to include situations where light is frequently limiting e.g. under a beech wood. Increased chloroplast numbers in closely-packed mesophyll cells and the use of energy stores like bulbs to allow early spring growth allow bluebells to grow in woods. They do not compete well in open areas however since they put too much energy into these special features and frequently get out grown by other plants. Animals are rarely directly limited by lack of light but the ability of bats to function in the dark allows them to make use of caves where animals depending on at least some light cannot navigate and thus cannot use them.
WATER

Importance: The importance of water to living things relates to its physical features. e.g. it is a polar molecule which means that its molecules have weak forces on other substances that are charged. This makes it a good solvent and a material that keeps itself together and clings well to other things. Its abilities in taking in heat and holding on to it are also valuable. Water is universally used as the basic solvent in living cells and in transporting fluids. Water provides a support function in many organisms e.g. turgor in plants. Water is also a raw material in photosynthesis although most autotrophes are unlikely to be limited by water in aquatic or terrestrial environments.

Sources: Any source of water (liquid or solid) can be used by living things so long as there is a suitable water potential gradient between the source and the cells that need the water.

Effect on distribution: Apart from plants with xeromorphic features living in deserts and in salt-marshes and animals with water storing and kidney adaptations living in deserts, good examples are features that allow living things to either live in sea water or in fresh water. A fresh water fish will have an efficiently filtering kidney that produces lots of dilute urine so it can live in water with a water potential greater than its cells. C4 plants utilise a special photosynthetic pathway to reduce loss of water during the day.

OXYGEN
Importance: Oxygen is actually quite destructive to many of the chemical substances inside living cells. Its importance though is as an oxidiser that allows cellular respiration to regenerate NAD and FAD from their reduced forms and thus allow the continued release of energy from food. Oxygen affects photosynthesis by effecting its efficiency (one advantage of using the C4 pathway is in reducing this).

Sources: Many living things use gaseous oxygen while others use dissolved oxygen.

Effect on distribution: Some microbes can survive in environments where levels of oxygen are typically low. Animals can survive if they possess features for extracting additional oxygen from the environment e.g. bloodworms in polluted water use haemoglobin. Plant roots may find growth in waterlogged soil difficult and may have a special tissue called aerenchyma in their stems which is parenchyma with many large air holes that carry oxygen down to the roots.

CARBON DIOXIDE
Importance: Since the chemistry of life is principally that of carbon, a source of carbon is needed by all living things. All the important complex substances in cells have carbon in their structure. Most autotrophs make use of carbon dioxide as the basic building material for these complex carbon substances.

Sources: Carbon dioxide may be absorbed as a gas or dissolved in water. It may be used from water as HCO3- (hydrogen carbonate) ions. Some microbes can make use of other carbonates from minerals. Heterotrophs take in carbon in carbon compounds such as carbohydrates, fats and proteins. The intake of organic carbon is associated with energy.

    Effect on distribution: Situations where carbon dioxide is limiting is likely to be a local effect and sometimes even a temporary one. In a tropical forest, levels of the gas will drop during the day and so plants in this environment compete for the gas. They often have leaves that are adapted to avoid a deep still layer near their surface since this will reduce the diffusion of the gas in.

In addition to these abiotic factors, the syllabus mentions pH and other minerals such as phosphate and potassium. These abiotic factors need to be dealt with in the same way to complete the notes.

