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ADAPTATIONS IN ARID ECOSYSTEMS 

- ·- ., 

.{) -" • ': . • L'' 1. I .b .·. · B. LUNDHOLM 

The information on adaptations in animals and plants to arid conditions is very. ex­

tensive. However, the structure and functioning of the whole ecosystems with its pro­

ducers, consumers and decomposers is hardly known. For that reason it is very difficult 

to give a short overview of the situation, only detail s with special relevance to this study 

will be touched upon . 

Limiting factors 

Precipitation 

The limiting factor of predominant importance in arid and semiarid zones is the 

scanty rainfall . The distribution of the arid zon e and vegetational cover is dete rmined 

by precipitation (Fig. 1.1). Deta iled maps of precipitation as well as of the numbe .r of 

humid days were publi shed in connection with the Sahel (Matlo ck & Cochrum , 1974). 

For West Africa it is stat ed that the average annual precipitation decreases I mm per 

kilometre in proceeding northward from the southern forests toward the Sahara. How­

ever, this kind of disjointed information gives a false picture of the ecological reality , 

which is characterized by variabilit y and irregula rity of precipit ation . This variab ility 

increases when the precipit ation decreases. An important fact is that this variation oc· 

curs in both time and space . 

The variation of the precipitation in time has been fairly well studied. It must be 

pointed out, however , that long - term series are needed in order to provide a correct 

pic ture of the situation. In many cases such series are Jacking in the develop ing coun ­

tr ies. Development proj ects have failed for neglect of the temporal variation in precipi­

tation (Talbot, 1971) . Not only the annual and monthly variation but also the micro­

variation is of ecological importance . The amount and distribution in time of the show­

ers are critical for the primary product ion. It is well known from North Africa that 

rainfalls of less than about 5 mrn in 24 hour s in summer or 48 hours in winter have no 
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Figure I. I. Arid lands of Africa (Me Ginni es et a/., 1968). 
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this amount is tess than the potential 

-; ,;;;_:1-iolie'roif:•J959,"1969). Excessively heavy showers may also have .an adverse effec,t 'on : 

.;',; as :ill the pores in the soil are filled with water, preventing the o'xygen 

roots or even causing surface runoff and soil 'erosion. Erosion experi : · . 

., .. rnehts 'unddr .controlled conditions have proved that the yields can be doubled by a 

_,-:·' of the same amount of water (Bunyard, 1973) . 
. . . ,., . . ' . . .• 

Soil 'moisture · . 
:: .... :· 1'.' • • • • • 

. i· The) o!l moisture available to the plants depends on rainf all, incoming energy, . in­

filtration _;·· drainage, and evaporation . The evaporation varies with temperature, relative 

humidity and wind conditions. Whether the precipitati on occurs during the "Co!d season, 

' 

. ../ 

as in the north of the Sahar a, or during the hot season , as in the sou parts, is .. 

therefqre .significant. The ecological adaptations to the same amount of precipitation in 

these two areas are very different. Another factor of significance is whether the precipi ­

tation is deposited during a single rainy season or in two, as in certain areas near the 

equator. · ... ) 

The critical factor for the vegetation is not the prec ipitation as such, but the soil · 

moisture. Soil structure, depth and tex ture are important for water retenjion. Owing 

to difference s in capillarity , the evaporation losses from bare surfac es of clayey soils 

are much higher than in sands. Soil moi sture, espec ially in certain dry areas , depends 

als.o on the occurr ence of dew·, which is partl y controlled by the temp erature gradients 

in the soiL "The study of dew may be more import ant to the deserts than to the hu­

mid regions bec ause of the unfavourabl e moi sture balance of arid land s" (Reitan & 

Green, 1968). Dew problems in arid areas have been especially studied in Israel. In 

coastal deserts (e.g. the Namib) sea fog may play the domin ant role in the water bal­

ance . The amount of water from dew or fog depends on the microstructure of the soil 

surfa .ce and the amount of windblown plant debri s (Tschinkel, 1973). Desert insects 

and plant s are adapted for dew and fog collection by mean s of special structures . 

Spatial variation of precipit ation 

From an ecological point of view, no t only is the tempor al variation of precipitation 

important but also its spat ial variation. De tailed studi es of this kind for larger areas are 

necessary for a prop er und erstanding of the functioning of the ecosystems. Only a few 

points pertaining to thi s will be given he re. 

In plants the breaking of dormanc y after a dry period might be triggered by a cer­

tain amount of precipit ation . If th ese amounts fall at differe nt times in different areas , 

the vegetation will develop differently . Every plant passes through a developm ent phase 

accompanied by a change in palat ability and nutri ent content, with the result that it 

sometimes attract s the consumer only during a short per iod (M. Gwynne, pers. comm .). 

The spatial irregul arity of th e pre cipit ation in an area causing variation in all develop­

ment stages in the plants will supply mobile herbi vo res with food for a prolonged pe­

riod. 

Both for the nomad s and their herds as well as for large herbi vores it is vital that 

during the vegetation season rain falls somewhere in accessible areas in amounts suf­

ficient to produce enough fodder. · The form er nomad s in Tuni sia have nqw been settled 

in spite of the fac t that they still win their sub sistence from grazing herd s. Social con-
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. ditions have also been taken into accounLin . in south ­

ern Tunisia (Wagner, 1975). Every village has grazing grounds -sometimes up to 25 

km distant - scattered over an extensive ar.ea. The. inh.abitants d.eem .this dispersal as 

providing some guarantee against drought. This _is a _kind . .of rain insurance . In chapters 

3 and. 5 "of this volume, dealing with the social .. 9,iher ,_soc.ial systems are de­

scribed _ which were developed to compensate for ,:, ··.· 

Soil ·. . . .. .. ·:· 

. . The soils in arid and semiarid areas have 'limitations on the 

ecosystems. The soils are formed by processes where water : ha; played a limited role . 

As a result of this, the soils are noi leached, but owing to evaporation have an accu­

mulation of soluble salts -(especially sodium salts) near the-surface. Charley & West 

(1975) have shown that the nutrie'nt paiterns in the .semfdesert ecosystems of Utah 

are dominated by the individual shrubs both in the vertical and horizontal planes. 

From a fertility point of view plant nutrients are readily available . However , the .amount 

of certain nutrients is very limited, espec ially the essential nutrients nitrogen and some­

times phosphorus . This lack of nutrients is associated with the lack of organic compo· 

nents in the arid soils because of the rapid decomposition processes. Bazilevich (1974) 

has brought together information on the reserves of nitrogen in litter, stepp e or desert 

matting in the world ecosystems. The figures taken from her paper will illustrate the 

very important difference between different climatic regions (Table 1.1 ). 

Table !.I. Nitrogen content in litter of ecosystems in different climatic zones 

(modified from Bazilevich, 197 4) . 

Region N t'km- 2 

Polar 106.2 

Boreal 76.0 

Subtropical 

Humid 18.0 

Semiarid 10.5 

Arid 3.0 

Tropical 

Humid 8.6 

Semiarid 5.7 
Arid 1.2 

These very important facts are not always properly understood when Western agricul ­

tur al technology is applied to tropical and dry areas. 
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·:. , . by plants and animals ... \ ' ·.· . . ... 
,. ': ).i . ·' ·· · · ·· . ..._ . , ·. 
. :·_- ·.;;The irregular-changes between a short period with water and limited nutrients aM a·:;t{:: 

long period of dryness present animals and plants in arid areas with special problems . 

:·The .larger ·animals, including man , have avoided the difficulties by migration; the sed: 

.·-entary species have solved the problem in two different ways. The larger group 

. ·· of the ephemerals, appea.ring in active form during humid conditions and surviving dur-

.' ing the dry period as inactive stages (seeds, eggs). Both plants and animals occur in this · · .. '-' 

group, ilie members usually being small in size. The second group consists of larger or­

provided with special mechanisms for resisting drought conditions . There are 

many different. types of adaptations among the plants . Some plants can reduce the 

. green biomass by a factor of 4-20 (Orshan & Diskin, 1968). Other plants are also 

adapted for reducing evaporation by modifications in the surface. Surface structures 

may also be used for collection of water (dew or fog) . Many plan ts have reserves of 

moisture and nutrients . The adaptations in arid plant s have been well described by 

Kassas (1966) and Evenari et a/. (1971 ). Schmidt-Nielsen (1972) has given an overview 

of the different physiological adaptations in desert animals . 

Of great interest in this connection is the C4 photo synthe sis pathway which was re­

cently summarized by Black (1971) in an important review. This melhod of photo· 

synthesis is twice as effective (increa se of biom ass per time unit) as the earlier known 

C
3 

pathway . Plants with the C
4

- system occur especially in tropica l areas. The method 

seems especially adapted for plant s where water resourceS" are scarce and limited in time. 

'"Most of the plants in the grazing lands of arid and semiarid Western India belong to 

C
4 

high photosynthesis capacity ones" (Pand ey a, 1974). Andrews et a/. (1974) point 

out that during warm seasons grasses with C4 assimilation dominat e the American 

prairie. Caldwell (1974), how ever, found that there was no diff erence in assimilation 

efficiency between C
3 

and C
4 

plants in cold desert areas. He investigated communities 

dominat ed by shrubs featuring C
3 

and C4 photosynth esis. Th ese different ways for the 

photosynthesis need to be studied intensiv ely. Th ere are good grounds for believing 

ilia! the result s will be of practical value in prom oting producti vity in arid areas. 

Organisms living in arid conditions are char acterzi ed by specifi c properties. These 

features have been reviewed by Noy-Meir (1974). He point ed out that organisms in 

an arid ecosystem have to meet the following five conditions: 

!. Toleranc e of extreme conditions. 
2. Ability for rapid reco ve ry. High growth rat es, rapid successions of developm ent 

stages, and high fecundity. 
3. Adaptation of pulse-r eserve transitions . "The probl em then is how to regulate tim· 

ing and intensity of these tran sitions when incidence and duration of good periods 

is wholly of partly random" . In desert plants special delay and trigger mechanisms 

are at wo'rk. ' 
4 . Flexible and opportuni stic feeding habits . Studies of the diets of desert animals have 

shown a wide dietary range and ability to switch betw een differ ent typ es of food. 

5. Nomadic migrations. Large-scale movements are probably the most important adapta· 

lion in mammal s - including man - and birds for utilizing the resources of the arid 

zone·s. 
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To the se five group s of characteristics mentioned by Noy-Meir (1974) a sixth group 
may be added : 

6. Special distribution patterns. The organisms in dry areas are not only rare. and dis-

. persed over large distances but they show a characteristic distribution ·pattern which 

is pronounced on silty and clay soils, but not on sandy soils. The perennial plants 

are clumped together , the exposed interspaces being without higher plants (Norton , 

·1975). This spacing is very important as the perennial plant can use water from a 

large area. The infiltration rate is high beneath the perennials but mostly low at the 

interspace . At the interspace an algal crust may be formed which has a low infiltra­

tion rate and the precipitation is flushed away. The desert landforms also tend par ­

ticularly to form closed basins both large and small. Such basins collect rainw ater 

.. and clumped perennial vegeta tion (Jewitt ; 1966) . The spacing be­

tween the species and also specimens may be caused by antibiotics (Odum, 197!). 

The root exudates may be toxic to other species, but in some cases also to th e same 
species . 

The spacing is also irr!portant for the tran sport of airborne nutrients which are de · 

posited and caught in the vegetation . The role of airborne nutrients has been very 

little studied , but it may be assumed that this transport is of importan ce and that 

it dqes not only have adverse effects, suc h as soil erosion (Rapp, 1974), but also 

favourable effects, such as increased productivity in sedimentation areas (Lund­
holm, 1975). 

Noy-Meir (1974) has also described certain weak points in these arid ecosystems. He 

mentions the following four areas where disturbances may cause extensive changes : 

I. Susceptibility to dam age of reserves . Any factor which drast ically increases the mor­

tality of the resista nt reserve form s (seeds or eggs) or the disappearance of the re­

serves of nutrient s to be used for rapid response to pulse transitions will be danger-
ous . I 

Rodent s and ants are very important in the ecosystems in southern Tuni sia, as dur­

in some years .they may consume up to 75 % of the seeds of the dominating plant 

speci es (G . Novikoff, pers. comm.). In the same way, grazing, which prevents seed 

setting or the build-up of belowground reserves of nutrients in grasses, may have 

very sizable effects. Franclet & Le Houerou (1971) reported from Tunisia rodent 

densities corresponding to a grazing pressure of 1.3 sheep per hectare . 

2. Susceptibility to lagging components. As pointed out , it is important that the 

chang es in population size of the differ en t organisms follow the environmental 

changes . If some species lag in the response to these changes - for example, if a 

consumer co ntinues to breed - the whole system may be desta bilized . Introdu ced 

species may frequently produce this effect; examples of this are rabbit s and sheep 
in arid Australia (Noy-Meir, 1974). 

3. Low density , bioma ss and productivity . The irregular distribution pattern of the 

species require s extensive areas if the species are to survive. If sufficient areas are 

not available, species may -be lost to the ecosys tem . An important fact or is whether 

species abundance · and distribution ranges are influenced by neighbouring ecosystems . 

4 . Susceptibility to topsoil erosion. "Due to low plant cover, erosion force s are high in 

arid and .semiarid region s. In many of the se regions a thin topsoil layer (5-10 em) 

is critical for the plant establishment and growth" (Noy-Meir, 1974). 
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; .Rapp (1974) has sho,\m the extent of soi l erosion . Novikoff (1975) bas stressed both 

:: the biotic and abiotic factors inlluencing the different erodibility of soils. 

· .> (1975.) has pointed out the characteristics and imp ortance of dry deposition in rela-

. · tion ·to the ecosystems, with the concomitant tran sport of nutrients and hazard of 

. accumulation of toxic substances. 

Stability of ecosys tems 

The earlier ecological hypothesis about diversit y-stabi lity and a close correlation 

between the se two concepts is now strongly qu es tion ed (Holling , 1973; • 

1974; May, 1974; Margalef, 1974; 1974). It was formerly believed that the 

tropical humid forest with man y different species was very stab le but that the arid eco- · 

system or arctic areas with few species were unstable . In connection with the arld zone 

the term fragile was used frequently. The background to this discussion has bee_n the 

human impact on the different ecosystems. Now it has turned ou t that the trop ical hu· 

mid forest s arc very sensi tive to human- actions . 

The rather confused discussion has partly been caused by the fact that there are 

many differ ent kinds of stability. To clarify this, Holling (1973) and Noy-Meir (1974) 

have suggested that the concepts of resilience and persistence be used. Resilience refers 

to the probab ilities of qualitative changes and an ecosyste m with high resilience a 

large variation, but it springs back to its form er -struc ture . It has high plastic ity around 

an average. Persistence refers to the ability of a system to remain constant under the 

environmental inlluen ces, and high persistence means a sma ll variation. 

Orian s (19i5) has pointed out that the analyses of the stability-diversity probl ems 

_so far have dealt with varia tion s in time and not in space and ·that the analy tical prob­

lems in dealing with both time and space are formidable , but tha t such work has start­

ed. Murdock (1975) has suggested, based on model stud ies, that increased stab ili ty 

might be achieved by spatial diversity. In the real world this is what the nomads have 

created with their system of subsistence economy. An important variable in this spatial 

diversity in the arid zones is uneven distribution of precipitation. 

There is a certain antagonism between the two concepts. Some arid ecosystems 

have high resilience but low persistence. The humid tropical for es ts have high persist­

ence but low resilience. 

The crucial question is the resilience of the arid and semia rid ecosystems and their 

ability to recov er from the impact of man . Noy-Meir (1974) is of the opinion that the 

arid ecosy stem s in Asia and Africa have shown a high degree of resilience when the 

nomadis m with its strong human impact was developed. 
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