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Ecosystems in hot arid and semi-arid environments

Teachers Notes:

A study tour of Morocco gives students the opportunity to discover at first hand hot arid and semi-arid ecosystems. The area around Imlil lies around and above 1600m, and precipitation fall as snow in the winter months. Whilst the vegetation appears scarce, this ecosystem cannot be classified as arid as Imlil receives between 18 and 267mm rainfall each month in a typical year. It is a heavily grazed Mediterranean scrub ecosystem, with low growing, aromatic, woody plants such as Helichrysum and chamomile, as found on sand dunes in the south of France. The greatest pressure on these species is from temperature extremes in summer and winter, and from the attentions of grazing animals such as sheep and goats.
Hot arid environments are classified as those receiving less than 250mm precipitation per year. Semi arid environments receive between 250 and 500mm precipitation per year.

In and around Zagora, students will be able to see a classic desert landscape and ecosystem and develop an understanding of this ecosystem – it’s soils, plants and animals. Fieldwork will be carried out at various places, including around Zagora during camel trekking or a visit to the Draa valley.
Key Concepts

· Hot arid and semi-arid environments are fragile and easily damaged.
· Climatic extremes lead to finely balanced ecosystems. Plants and animals can suffer as a result of change, and regeneration is difficult.
· Physical and human factors make these environments susceptible to change and therefore slow to recover.

Introduction

The deserts of the world are characterised by distinctive landscapes, mainly due to their aridity and high temperatures, lack of vegetation and poorly developed soils. The Sahara has low and very irregular rainfall and is one of the hottest places in the world. Day-time temperatures may reach over 50oC; nights are cooler, and frost may be experienced during the winter. Hot deserts are located globally, in and just outside the tropics. Major deserts are found in North America (the Mojave, Sonoran and Colorado), South America (the Atacama), North Africa (the Sahara in the north is the biggest desert in the world, and the Kalahari and Namib desert in the south), in the Middle east (the Arabian and Iranian deserts) and in Australia (the Simpson and Great Sandy deserts).

Hot arid and semi-arid regions are characterised by low and unpredictable rainfall (Oazarzate records approx. 100mm per year), low humidity, dry winds (such as the Sirocco in North Africa), high summer temperatures and high evaporation rates (Oazarzate records approx. 3300mm per year). There is a large variation in temperature both annually and diurnally – during 24 hours, desert temperatures can range from below freezing climbing into the 40’s.  The highest desert temperature ever recorded was in Libya in September 1922, at 57.7 oC. The lowest annual rainfall is experienced in the Atacama Desert in Chile, Arica in Northern Chile has not experienced rain for 60 years!

The arid nature of these area is dependant on a number of factors including global circulation, relief, continentality and the presence of oceanic currents. Hot deserts are found between 20-30 degrees to the north and south of the equator, in a belt where high pressure systems dominate for most of the year:
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Three cell model of atmospheric circulation.
Between 20 and 30 degrees north and south, there are two diverging air masses: hot air moves is pulled towards the equator in the Hadley cells, before converging over the equator and rising again, causing high rainfall over the equator. Air moves towards the poles, again away from 20-30 degrees north and south, heading towards the poles. This movement causes high air pressure at this point, giving rise to anti-cyclonic conditions, which are typified by clear skies and low rainfall. Heat builds up during the day, and quickly dissipates at night as there are no clouds, hence the high diurnal variation in temperature.
To the south of the Atlas Mountains, the Sahara is also in the rain shadow of a great mountain range, which rises to over 4000m. Rain falls considerably more to the north of the range, as the air descends on the leeward side, it warms up, with a consequent drop in relative humidity.

Finally, the Sahara Desert is over 2000km from the sea at its centre. Moist air from the Atlantic has lost its moisture content long before it arrives at the Sahara Desert.
Desert soils, known as aridosols, are typically low in nutrients (particularly nitrogen and phosphorus) and humus, which gives them a low water retention capability. High rates of evaporation create calcium carbonate hardpans in the soil, and capillary action in the soil bring salts to the surface, which is left behind as the scare water evaporates. This is toxic to most plant life. Because evaporation and transpiration greatly exceed rainfall, there is very little leaching, allowing mineral ions to accumulate, further increasing the soils mineral content. Most of the soils salt comes from weathering of the local rocks and from inflowing rivers. When it does rain, there is consequently high surface run off, minimal infiltration and flash floods – deserts can be susceptible to occasional high rainfall events – Djibouti in northeast Africa once has 211mm in 24 hours – its annual rainfall is typically 129mm. This does little to help support the vegetation that lives in desert ecosystems!
In these ecosystems, net primary productivity is very low – between 30 and 200 g/m2/year, compared to 657,000 g/m2/year in the average rainforest. Food chains are generally short and few animals specialise on one food source – most are generalists, eating whatever they can, be it plant or animal.

Plants and animals have to adapt to drought and high temperatures, and few species have evolved or adapted to cope with these extreme conditions. There is little variety of species and a high level of endemism. 

Aim
· To investigate the distinctive ecosystems, plants and animals in the semi-arid and hot arid environments of Morocco.

Hot Arid Desert Ecosystems.
Plants:
The plants which can grow in such a region are known as xerophytes, literally lovers of dryness. They may adopt a number of approaches to survive the conditions. Succulents store water within their tissues; phreatophytes have exceptionally long roots; halophytes can tolerate exceptionally high salt concentrations toxic to most other plant species; ephemerals complete their life cycle in a very short period of time, for example after rare desert rainfall. Many plants lie dormant for long periods and appear withered and dead. When it rains, they ‘come to life’ and rapidly grow new green shoots and leaves. Annual plants produce large numbers of seeds with protective coatings. When it rains the seeds rapidly germinate and the plant grows rapidly, is pollinated and produces its own seeds within mere weeks, taking advantage of the short growth window. Many also show resistance to grazing animals, such as thorns, or some sort of poison such as that found in the Euphorbia family, the latex of which is 10,000 times more irritating than chilli pepper, or the toxic Calotropis or apple of Sodom, the flesh of which contains a toxic, milky sap which hardens to a residue which can’t be removed with soap.
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Wild gourd, Citrullus colocynthis, desert thorn, tamarisk, Tamarix africana.
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Calotropos procera.
Xeromorphism. Desert plant adaptations:
· Hairy leaves to reduce evapo-transpiration (by creating a layer of still air next to the leaf surface, which reduced the concentration gradient of water between the inside and outside of the leaf);
· Pale leaves with reflective surfaces, to counter strong insolation.
· Leaves have thick-walled outer cells (epidermis) with waxy deposits to reduce water loss.
· In-rolled or folded leaves, again creating a layer of still air next to the leaf surface, which reduced the concentration gradient of water between the inside and outside of the leaf).
· Reduced number of stomata, which open only at night to take in carbon dioxide for photosynthesis.
· Deep root system.
· Sunken stomata.
· Small surface area to volume ratio (ie. small leaves, or no leaves as in the cacti).
· Tolerance of high tissue temperatures which would kill other species – cells tolerant of tissue stress caused by dehydration, for example thicker cell walls less likely to rupture.
· New leaves formed when cell sap concentration is high tend to be smaller in response to dry conditions.
· Halophytes are able to take up salt-laden water into succulent organs until there is an equilibrium with the soil solution.

Desert Animals:
Animals (including humans!) also need to adapt to hot desert environments. They have to be able to cope with extremes of temperature and lack of water. Animals typically have adaptations to dissipate and reflect heat and conserve moisture. Dorca’s gazelles and fennec foxes both have enormous ears, well supplied with blood vessels close to the surface of the skin. This helps them to dissipate heat easily. Both these animals have very pale fun, which helps to reflect sunlight, and tolerate the high insolation experienced in the desert.

Camels are the supreme desert animal, and the Tuareg and Berber tribes of the Sahara have used them as pack animals for thousands of years. Their ability to withstand long periods without water is due to a series of physiological adaptations. Their red blood cells have an oval shape, unlike those of other mammals, which are circular. This is to facilitate their flow in a dehydrated state. These cells are also more stable in order to withstand high osmotic variation without rupturing when drinking large amounts of water, 100 to 150 litres in one drink. Camels do not store water in their humps as is commonly believed; the humps are actually a reservoir of fatty tissue. Concentrating body fat in their humps minimizes heat-trapping insulation throughout the rest of their body, which may be an adaptation to living in hot climates. When this tissue is metabolized, it acts as a source of energy, and would yield more than 1 g of water for each 1 g of fat converted through reaction with oxygen from air. This process of fat metabolism generates a net loss of water through respiration for the oxygen required to convert the fat.
Camels are able to withstand changes in body temperature and water content that would kill most other animals. Their temperature ranges from 34 °C at night up to 41 °C during the day, and only above this threshold will they begin to sweat. The upper body temperature range is often not reached during the day in milder climatic conditions, and therefore, the camel may not sweat at all during the day. Evaporation of their sweat takes place at the skin level, not at the surface of their coat, thereby being very efficient at cooling the body compared to the amount of water lost through sweating. This ability to fluctuate body temperature and the efficiency of their sweating allows them to preserve about five litres of water a day.
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A feature of their nostrils is that a large amount of water vapor in their exhalations is trapped and returned to their body fluids, thereby reducing the amount of water lost through respiration. Their nostrils and mouths, ears and eyes are surrounded by fine hairs to help keep out desert sand during sandstorms. Their hard mouths are able to tackle the toughest desert thorn bush.
[image: image10.emf]They can withstand at least 20-25% weight loss due to sweating (most mammals can only withstand about 3-4% dehydration before cardiac failure results from the thickened blood).. A camel's blood remains hydrated, even though the body fluids are lost, until this 25% limit is reached. Camels eating green herbage can ingest sufficient moisture in milder conditions to maintain their bodies' hydrated state without the need for drinking. The kidneys and intestines of a camel are very efficient at retaining water. Urine comes out as a thick syrup, and their feces are so dry that they can fuel fires.
A camel's thick coat reflects sunlight, and also insulates them from the intense heat radiated from desert sand. A shorn camel has to sweat 50% more to avoid overheating. Their long legs help by keeping them further from the hot ground. They have huge, flat feet which help prevent them sinking into the desert sand, and their habit of resting on the floor (which facilitates easy packing!) have made them an ideal desert pack animal.
[image: image7.jpg]


        [image: image8.jpg]



Fragility of arid ecosystems.

Hot arid and semi-arid ecosystems are fragile environments because they have low net primary productivity and a limited biodiversity making them slow to recover from damage. For example, any damage to vegetation may take many years to repair naturally because plants grow so slowly. Tourism in desert areas can put these fragile ecosystems in danger. Increasingly, adventure tourists are using new and increasingly mechanical methods for transporting themselves around desert environment. Four by four vehicles and quad bikes are an increasingly common site around Zagora and in the dunes at M’Hamid. These vehicles damage the fragile desert soils, making them more liable to being blown away by the hot desert winds. Driving and trampling over fragile vegetation may take years to repair.
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Climate change is also likely to have a significant impact on desert biodiversity, as illustrated by these maps:
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These maps show the biodiversity of plant species found in the River Draa basin in the year 2000 (left) and the projected biodiversity in 2080 (right). As the Sahara spreads north, plant biodiversity declines, with only those species which are well adapted to desert environments surviving.
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Fieldwork ideas:

· Find three species of plant in the desert. Look at them carefully and note down five ways in which the plant is adapted to its environment. 

· Take some digital photographs of the plant and on return to school, do some internet-based research on the plants to try and find out more about them. Try and find out its name.

· Design a supremely adapted desert plant. What would it look like, what structures/features would it have? What would it definitely NOT have?

· Make a short ‘wildlife documentary’ about plants of desert regions. You can make the name of the plant up using some of its more obvious features! What is it about the plant that makes it able to survive in a desert environment?
Points for Discussion.

· Explain why desert ecosystems are fragile environments.

· Deserts typically have a low biodiversity – what makes them important to conserve compared to a tropical rainforest?

· What is biodiversity?

· What are the causes of loss of biodiversity?

· Why is biodiversity important?

· Relate what you know about desertification, as seen at the village of Tinfou, to the potential changes in species biodiversity in the Draa basin. Which species are likely to be lost – rare, well adapted species or generalists?

· How do tourists have an impact on biodiversity, and how could they help to preserve it (directly or indirectly?).
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