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Abstract 

Salt lakes have a variety of important uses and values, including especially both economic and scien- 
tific ones. These uses and values have been and are increasingly subject to degradation from a variety 
of impacts: diversion of inllows, pollution, agricultural practices, and introduction of exotic species are 
among the more important. Recognition of these impacts upon salt lakes has led to some international 
and national measures for their conservation, but considerably more effort in this direction is needed. 
Against this background, Mono Lake, California, USA, and the Aral Sea, central Asia, are discussed 
as two localities which bring into sharp focus the various matters discussed in the paper. Finally, at- 
tention is drawn to the need to conserve the Akrotiri Salt Lake, Cyprus. 

Introduction 

There are many definitions of the term conserva- 
tion. For present purposes, that used by the In- 
ternational Union for the Conservation of Nature 
(IUCN) is suitable and, despite the objections 
that can and have been raised against it, it is 
adopted here. It states that: ‘Conservation is the 
management of human use of the biosphere so 
that it may yield the greatest sustainable benefit to 
present generations while maintaining its poten- 
tial to meet the needs and aspirations of future 
generations’ (IUCN, 1980). In the present con- 
text, the parts of the biosphere in focus are inland 
saline waters. 

To a much greater degree than their abundance, 
distribution and importance would suggest, salt 
lakes - with only a few notable exceptions - have 
not attracted much attention from conservation- 
ists, and relatively few are the subject of active 
conservation. There is little doubt that this re- 
flects the general lack of attention accorded salt 

lakes by limnologists - itself a reflection of the 
fact that salt lakes are often located far from where 
most limnologists live (Williams, 1986). Perhaps 
this relative inaccessibility itselfhas suggested that 
salt lakes need little protection (and therefore that 
most salt lakes need little protection). 

But, despite the lack of attention given them, 
salt lakes are significant components of the bio- 
sphere (on a global basis, inland salt water is not 
markedly less in volume than inland fresh waters: 
according to recent estimates (Shiklomanov, 
1990), 0.006 percent of total global water as com- 
pared with 0.007 percent), and they have a num- 
ber of important uses and values. To a consider- 
able degree, however, these uses and values have 
been and are being degraded. The agents causing 
such degradation are many and varied, and their 
impact is accelerating. Even so, the conservation 
of salt lakes has generally not been given high 
priority by governments, although, as indicated, 
some notable exceptions occur. 

The present paper aims to draw attention to the 
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need to conserve salt lakes more actively. It does 
this by outlining their values and uses, and the 
nature of destructive impacts upon them. The ex- 
tent and type of protective measures which have 
been and can be put in place are briefly consid- 
ered. Finally, to bring into sharper focus the gen- 
eral discussion, two salt lakes where significant 
changes have recently occurred following the im- 
pact of man, viz. Mono Lake, California, USA, 
and the Aral Sea, central Asia, are discussed in 
more detail. Brief attention is directed to Akrotiri 
Salt Lake, Cyprus, in an epilogue. 

Uses and values of salt lakes 

Seven reasons have been put forward in support 
of the conservation of particular aquatic systems: 
economic, cultural, aesthetic, recreational, scien- 
tific, educational and ecological. All of these, 
though at different degrees of applicability accord- 
ing to locality, can be advanced to support mea- 
sures to conserve salt lakes. They are discussed 
seriatim below. More formal classifications and 
evaluations of uses and values exist to support the 
conservation of ‘wetlands’ in general, but the em- 
phasis of these for the most part is upon fresh and 
coastal waters, and the more simple approach 
taken here will suffice for the present discussion. 
However, in any evaluation of a specific salt lake 
with conservation measures in mind, recourse to 
these more formal classifications and evaluations 
will be necessary. An introduction to them is pro- 
vided by, for example, Adamus & Stockwell 
(1983), Claridge (1991), Dugan (1990), Foster 
(1978), Marble&Gross (1984) and Stone (1991). 

Economic uses 

An extensive account of the economic uses of salt 
lakes and their associated hydrological systems 
has been given by Hammer (1986) and Williams 
& Kokkinn (1988). Here, all that need be given is 
a summary listing of these uses. 

1. As a source of minerals. Salt (NaCl) is par- 
ticularly important, but others have become of 

increasing importance, such as uranium, lithium 
and zeolites. 

2. As a source of fresh water by diversion of 
inflowing rivers. 

3. As a source of power. Heliothermal ponds 
which involve an upper freshwater layer of water 
and a lower salt layer, and which trap incoming 
solar energy, have become increasingly important 
as sources of hot water from which power may 
then be generated. 

4. In moderately saline lakes, as a source of 
fish of commercial importance. 

5. As places where living organisms may be 
cultured for the production of fine chemicals, pro- 
tein and other biochemicals. Of particular impor- 
tance in this respect are Dunaliella (a source of 
p-carotene and glycerol), and Spidina (protein). 

6. As places where Artemia can be cultured. 
Artemia adults and cysts are important food items 
in the aquacultural industry. 

Cultural values 

Salt lakes have not had as large a cultural value 
for mankind as have fresh waters - reflecting their 
relative isolation -, but a number of important 
exceptions to that statement exist. Thus, the Aral 
and Caspian Seas figure prominently in the clas- 
sical literature of central Asia, as does the Dead 
Sea in the history of the Middle East and eastern 
Europe (Nissenbaum, 1979). The Aral region in 
particular is one of the ancient centres where civi- 
lization and agriculture are presumed to have 
arisen. Primitive irrigation was practised in its 
basin as early as the sixth century B.C. No doubt 
many particular salt lakes of North and South 
America had special local cultural significance 
also. The cultural value of Mono Lake, Califor- 
nia, to the indigenous Owens Valley Paiute Indi- 
ans, for example, has been noted by Patten et al. 
(1987). 

In this context, brief mention may be made of 
the cultural significance of flamingos, birds char- 
acteristically associated with salt lakes. Flamingo 
skins, flesh and eggs have long been trade items 
around the shores of the Mediterranean, and the 
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ancient Phoenicians traded flamingo tongues 
which, according to the Roman Pliny, were a deli- 
cacy ‘without which no Roman banquet was 
complete’. 

Aesthetic values 

Attitudes to the aesthetic values of salt lakes have 
been divided and have changed with time. Cer- 
tainly, many early European explorers did not 
rate the aesthetic appeal of salt lakes highly when 
they first sighted them in remote areas. Accord- 
ing to Serventy (1985) the Australian explorer 
Eyre, on first sighting Lake Eyre, stared in horror 
at ‘one vast, low and dreary waste’. A later ex- 
plorer, Warburton, noted that ‘Lake Eyre was dry 
- terrible in its death-like stillness and the vast 
expanse of its unbroken sterility’. Modern per- 
ceptions are somewhat more progressive, as no 
doubt local perceptions have long been. Thus, 
Dulhunty (1975), writing of these early descrip- 
tions of Lake Eyre, said: ‘But what damning de- 
scriptions they all are! No mention of the joy of 
experiencing its sea-salt freshness . . . nothing of 
its scientific wonder . . . no word of the unbeliev- 
able mirages . . . nor of the exhilarating sight, and 
feel, of the beauty . . .’ 

On another continent, Mono Lake, California, 
is perceived as a lake of outstanding beauty, a 
feature not lessened by the recently exposed tufa 
columns. Lake Nakuru, Kenya, and the Etosha 
Pan, Namibia, and their associated flamingo and 
wildlife populations, provide the focus of an im- 
portant tourist industry drawing visitors world- 
wide who come to photograph and observe their 
beauty. Flamingos, both at Lake Nakuru and 
elsewhere, have long been regarded as birds of 
great beauty and grace. 

dition to those of a passive kind. Fishing, swim- 
ming and sailing are frequent recreational activi- 
ties associated with lakes of moderate salinity. 
Perhaps, given the unproven therapeutic value of 
salt spas and lakes, the use of salt lakes in this 
way is better regarded as a form of recreation 
than as an economic use. The use of certain salt 
lakes when dry as the loci for attempts on land- 
speed records may also be regarded as a recre- 
ational value of salt lakes. 

Scientific values 

Salt lakes are of particular value to a number of 
disciplines. To ecologists, they are of value be- 
cause of their habitat homogeneity, discreteness, 
low taxonomic diversity, and value as a source of 
material for microecosystem studies (Williams, 
1972; Collins, 1977; Hammer, 1978; Vareschi, 
1987). To physiologists, they are of interest be- 
cause of the nature of biological adaptations to 
the environmental extremes operating within salt 
lakes (high salinity, low oxygen concentrations, 
high light exposure). To biochemists, they are of 
interest because of the enzyme mechanisms used 
by halophiles, and the mechanisms by which Ha- 
lobacteria fix light energy. And to evolutionary 
biologists, they are of interest because, inter alia, 
stromatolites, a particular sort of microbial/ 
sediment assemblage, appear to be amongst the 
oldest known form of life on earth (3000 million 
years BP). The interest and value of salt lakes to 
non-biological science, especially geochemistry, is 
equally as wide. And, of course, the sensitivity of 
salt lakes to relatively small climatic changes 
means that palaeolimnological studies of salt 
lakes have also attracted considerable scientific 
interest, an interest recently catalysed by impend- 
ing global climatic change. 

Recreational values 
Educational values 

The cultural and aesthetic values of many salt 
lakes mean that many are visited on a recreational 
basis to experience these values at first hand. But 
salt lakes have several recreational values in ad- 

Closely allied to many scientific values of salt 
lakes, of course, are educational values. At a time 
of increasing global climatic change, this value 
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should not be undervalued in regions where salt 
lakes are close to educational institutions. At my 
own institution, class exercises based on field ob- 
servations of salt lakes are an important part of 
courses. And it is my opinion that microecosys- 
terns derived from salt lakes have the potential to 
play a most important role as teaching tools: their 
simplicity, ease of manipulation, and the wide 
range of experiments that can be undertaken using 
them are outstanding in this respect (Williams, 
1991). 

Ecological value 

Not least amongst the values of salt lakes, though 
the most difficult to measure, is their value as an 
integral part of the biosphere. Their biological 
diversity and ecological processes cannot be ex- 
cluded from global diversity and biospheric pro- 
cesses with any certainty that exclusion will not 
have profound repercussions. Changes in the na- 
ture of the Aral Sea referred to in more detail 
below are the most indicative evidence of this 
sort. Already, widespread unfavourable climatic 
and regional environmental changes have fol- 
lowed man-made alteration to this lake. One im- 
portant ecological value of salt lakes that should 
receive particular mention is their role as feeding, 
refuge and breeding sites for many migratory or 
nomadic bird species. The loss of certain salt 
lakes of value in this respect may pose very seri- 
ous threats to the continued viability of the bird 
species in question. 

The impact of humans upon salt lakes 

Our use of salt lakes and of resources in their 
drainage basins has had impacts upon them that 
are significant, diverse, comprehensive and mostly 
irreversible. Almost without exception, these im- 
pacts have been deleterious. In short, we have 
already irreparably damaged an important part of 
our biosphere. 

Impacts have been many and diverse, of short 
or long-term duration, affecting part of the biota 

or the ecosystem as a whole, of limited extent or 
totally destructive. Effects have reflected this di- 
versity, but with comprehensive overlap: that is, 
different impacts often have similar effects, in par- 
ticular those, the most ubiquitous, resulting in in- 
creased salinities. Particular impacts are often site 
specific, but global generalities are easily dis- 
cerned. Because of this comprehensive overlap, 
and in an attempt to avoid unnecessary repeti- 
tion, the following discussion considers both im- 
pacts and effects without attempting to separate 
them too widely. 

For ease of discussion, the impacts are consid- 
ered as those which primarily (a) act upon the 
catchment or drainage basin, (b) involve diver- 
sion of inflowing waters, (c) result in the addition 
of unnatural waste products or pollutants, (d) di- 
rectly affect the biota, (e) cause physical change 
to the nature of the lake basin, and (f) will follow 
global climatic and associated changes. Not dis- 
cussed separately as an impact, though its impor- 
tance (and thus effect) can scarcely be overesti- 
mated, is human ignorance: the perception that 
salt lakes have limited uses and values, are ex- 
pendable ‘wastelands’, and do not merit serious 
consideration as sites of conservation interest (see 
Williams (1986) for an extended discussion of this 
subject). 

Catchmentldrainage basin activities 

All lakes reflect catchment events, and in this 
respect salt lakes are particularly sensitive be- 
cause their catchments are frequently in semi-arid 
regions where habitats respond quickly to pertur- 
bations. Two events of significance in the present 
context are grazing by wild and domesticated 
mammals, and more direct changes to the natu- 
ral vegetation imposed by man. 

The effects of grazing, particularly overgrazing, 
become manifest in changes to run-off patterns 
and increases in sediment loads in run-off (e.g. 
Grainger, 1990). In Australia, for example, over- 
grazing by the rabbit, an introduced species, has 
caused profound changes to both the biological 
and physical nature of lake catchments, and these 



changes compound those caused by the grazing 
of domesticated mammals (chiefly sheep and 
cattle). Most important of the physical changes 
are the formation of animal tracks and breakage 
of protective surface crusts; both events lead to 
mobilization of surface particles and erosion. 

Changes to the nature of vegetation on catch- 
ments by more direct human activity have been 
equally if not more significant. The clearing of 
deep-rooted natural vegetation (trees) and its re- 
placement by shallow-rooted grasses and crop 
species frequently has led to changes in local hy- 
drology. These changes lead to changes in the 
salinity, composition and seasonality of run-off 
(e.g. Pereira, 1973; Holmes & Talsma, 1981). 
Thus, underlying groundwaters (often saline) may 
approach the land surface more closely and ulti- 
mately to a position where capillary action alone 
causes it to reach the surface. In certain regions, 
such as central Asia, capillary action may begin 
when the water table is as low as 10 m below the 
ground level. Evaporation then acts to increase 
salinity and subsequent run-off adds the saline 
water (or precipitated salts) to the local drainage 
terminus, that is, the lake. The obvious result, of 
course, is that lake salinity increases. Western 
Australia provides many examples of this phe- 
nomenon. Salinity increases are by no means 
confined to natural salt lakes, so that many pre- 
viously freshwater lakes and rivers in areas where 
induced salinization is occurring now have el- 
evated salinities (e.g. Lake Toolibin, Western 
Australia; Froend et al., 1987). Clear evidence of 
this is to be seen in the dead stumps of trees both 
in and marginal to many Australian lakes now 
markedly saline (e.g. Lake Tallinga, South Aus- 
tralia) and in observed spatial and temporal pat- 
terns of salinity change in rivers draining cleared 
areas (e.g. Blackwood River, Western Australia). 

Overgrazing, vegetation clearance and saliniza- 
tion frequently lead to severe erosion and overall 
‘desertification’ (land degradation) in semi-arid 
catchments. Already, some l-2.5 x lo6 ha of the 
Aral Sea catchment is at hazard from this phe- 
nomenon, especially in the delta areas of the Amu- 
and Syr-Darya (Koust, 1991), and its catchment 
is far from unique in this respect. 

In this context, it should also be recognised, as 
Stine (1991) has stressed recently, that a lake and 
its catchment are closely linked geomorphologi- 
tally, so that a change in the lake can instigate 
secondary changes in the lake catchment. Thus, 
at Mono Lake California, the fall in water-level 
has forced the main inflowing streams to incise as 
much as 10 m. This incision, in turn, has resulted 
in a fall in the water-table over a considerable 
area with the consequential loss of many wet- 
lands in the catchment. Stine also wrote that there 
are critical levels for geomorphological impact 
(akin to critical biological levels, for example, in 
salinity). These critical geomorphological levels 
may represent threshhold levels which, once 
passed, do not permit the restoration of original 
conditions should transgression (rather than re- 
gression) occur. 

Diversion of injows 

Very large salt lakes frequently have more or less 
continuous inputs of fresh water. As indicated, 
this has long been recognized as a useful resource 
and considerable use of it has been made. As long 
as this use was of limited extent, no major impact 
upon the hydrological budget of the salt lake oc- 
curred. With increasing use, especially following 
the growth of human populations in semi-arid 
regions, major impacts followed. Some important 
lakes in this context are the Caspian, Aral and 
Balkash in central Asia, Lop Nor and Qinghai in 
China, and Pyramid and Mono Lakes in the 
USA. Diverted water is used for a variety of pur- 
poses: from Mono Lake, most is used for domes- 
tic purposes in Los Angeles; from other lakes, 
irrigation is often an important use. 

A special case involving water diversion is pro- 
vided by Kara-Bogaz-Go1 Lake in Turkmenia. 
This was a large salt lake connected to the Cas- 
pian Sea by a narrow channel. Formerly, signif- 
icant quantities of water flowed from the moder- 
ately saline Caspian Sea into the lake where it 
evaporated to create a large and highly saline 
water-body. Beginning in 1980, when the water 
level of the Caspian was at a very low level, an 
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essentially ‘blind’ dam was built across the en- 
trance to the Kara-Bogaz-Gol. Subsequently, the 
lake more or less disappeared. Following the ex- 
pression of some concern on this matter, small 
amounts of water were and are now allowed to 
flow through to the lake, but the ‘reconstituted 
lake is smaller and different from the old one. 

The diversion of water by direct drainage has 
also led to the disappearance of many interesting 
salt lakes. This is particularly so in agricultural 
areas, as for example, the Seewinkel pans in Aus- 
tria (Metz & Forro, 1991) and pans in the Coto 
Dofiana, Spain (Montez & Martino, 1987). Oth- 
ers have been destroyed by the excessive diver- 
sion (extraction) of underground water. The 
‘axalapazcos’ of the Mexican plateau, whose ex- 
istence largely depends or depended upon the ex- 
istence of underground supplies, provide cases in 
point (Alcocer & Escobar, 1990). 

Conversely, in some inland situations, water 
diversion may also give rise to salt lakes - though 
in the main such salt-water bodies are far from 
natural. (Left out of account here are solar salt 
ponds derived from diverted sea-water.) The most 
notable example is the Salton Sea in California. 
This was created when the Colorado River broke 
the banks of a man-made channel in 1905 and 
flooded a large depression in southern California 
(Stanley, 1966). The salinity of the lake has in- 
creased since 1905 and it now contains many 
introduced marine species, including barnacles. 
Less notable, but more numerous examples are 
provided by so-called ‘evaporating basins’ de- 
signed to reduce river salinities by diversion of 
saline agricultural drainage water. These basins 
may have been artificially created but are often 
flooded natural wetlands. There are many ex- 
amples of such basins near the lower reaches of 
the River Murray, Australia, and also in Califor- 
nia. They are far from natural, and may receive 
major inputs of water at times when natural salt 
lakes in the region are dry, and they may accu- 
mulate unnaturally high concentrations of toxic 
elements. Unnatural salt lakes of this sort are not 
further discussed here given the paucity of infor- 
mation on them (but see, for example, Chilcott 
et al., 1990). 

The primary effects of significant water diver- 
sion from salt lakes upon the lakes themselves are 
obvious and two-fold: water volume decreases, 
and salinity increases. Each has many consequen- 
tial effects. 

The decrease in volume is accompanied by a 
decrease in lake area, especially in shallow lakes, 
and this in turn may expose large areas of the 
former lake bed. Sometimes a significant transfer 
of salt and sediment particles from the bed to 
surrounding parts of the drainage basin occurs. 
Lower lake levels may also cause the destruction 
of shallow and deltaic areas which may have pro- 
vided important refuge areas and otherwise have 
been of conservation significance. The delta of the 
Volga in the Caspian Sea, for example, is regarded 
as the most important site for waterfowl conser- 
vation in the region, with up to 750 000 waterfowl 
present in mid-winter (Finlayson, 1991). Lowered 
lake levels may lead to the destruction of islands 
which formerly served to protect breeding popu- 
lations from terrestrial predators, and the emer- 
gence of formerly submerged objects such as the 
tufa at Mono Lake, California. In the case of the 
Aral Sea, where very large areas of the former 
lake bed now lie exposed, regional climatic change 
has been attributed to the decreased area and 
volume of the lake, and the increased area of 
exposed lake-bed. 

Increases in salinity lead to several chemical, 
physical and biological changes. Thus, increased 
salinity values may exceed the solubility products 
of certain dissolved salts leading to their precipi- 
tation and thus an alteration in the ionic compo- 
sition of the remaining solution. Increased salini- 
ties also cause decreases in oxygen solubility 
(Sherwood et al., 1991). Increased densities may 
lead to changes in many physical phenomena, 
including seasonal patterns of thermal (and 
chemical) stratification (which, of course, are also 
influenced by decreased depths). Perhaps more 
obvious than physico-chemical changes are 
changes in the composition of the biota. Whilst 
salinity may not be as important as a direct de- 
terminant of the biota of highly saline lakes as 
once thought (Williams et al., 1990) it is certainly 
true that good correlations exist between salinity 
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and species composition, richness and diversity 
in moderately saline lakes. Thus, as the salinity 
tolerances of indigenous species are exceeded, 
these species are replaced by more tolerant spe- 
cies until their tolerance is exceeded. 

Pollution 

The fact that salt lakes are the termini of closed 
hydrological systems has not prevented the dis- 
charge of a wide variety of pollutants to rivers 
flowing into them or to the lakes themselves when 
it has been economically convenient to do so. 
Mostly, it seems that loadings relate more to cri- 
teria erected to protect open, freshwater systems, 
and thus pollutant concentrations in salt lakes 
often reflect progressive accumulation (Williams, 
1981). 

Almost the whole range of pollutants dis- 
charged to fresh waters is also discharged to salt 
lakes or their influent rivers. Little point is served 
by the provision of details, but a few examples 
will illustrate the general statement. Lake Colon- 
gulac, Victoria, Australia, receives the effluent 
from a sewage plant located on its bank, and 
adjacent salt lakes, nutrients in agricultural run- 
off (Williams, 1981). High concentrations of cer- 
tain metals occur in some Bolivian salt lakes with 
nearby mining activities (Beveridge et al., 1985). 
Lake Maryut, Egypt, has high concentrations of 
tin in its sediments (Aboul Dahab et al., 1990). 
High concentrations of organochloride residues 
are found in Kenya’s rift valley lakes (Lincer et al. 
1981). And many salt lakes are used as dumps for 
domestic and other garbage. 

There can be little doubt that the effect of these 
pollutants on salt lakes is essentially the same as 
it is on fresh waters - though the actual evidence 
is thin: additional nutrients promote algal growth, 
high organic loadings decrease diversity but in- 
crease biomass, and poisons decrease both diver- 
sity and biomass. The modifying effects of salinity 
have yet to be determined fully. 

Direct impacts on the biota 

In several salt lakes, the fauna largely represents 
purposive or serendipitous introductions. The 
Caspian, Aral and Salton Seas provide the most 
notable examples. In many more examples, indi- 
vidual components of the fauna have been intro- 
duced. Thus, fish have been introduced in several 
moderately saline Canadian (Rawson, 1946) and 
Bolivian lakes (Hammer, 1986). Fish have also 
been introduced into some moderately saline 
Australian lakes where they cannot breed but 
where populations are maintained by stocking. 
Not all attempts to introduce fish into saline lakes, 
of course, have proved successful. Of introduced 
invertebrates, various species and subspecies of 
Artemia have been spread worldwide. In the main, 
initial introductions were confined to coastal 
solar salt fields. There have been no attempts to 
control these largely ad hoc introductions either 
individually or at the governmental level despite 
the danger they pose to the regional genetic di- 
versity of Artemia and the value of this. Geddes 
& Williams (1987) drew attention to the danger 
of these introductions, and the following motion 
was passed at a recent meeting of Artemia spe- 
cialists (Sorgeloos et al., 1987): 

‘the 2nd International Symposium on Artemia, 
meeting in Antwerp in September 1985, re- 
solves that all possible measures be taken to 
ensure that the genetic resources of natural 
Artemia populations are conserved; such mea- 
sures include the establishment of gene-banks 
(cysts), close monitoring of inoculation poli- 
cies, and where possible the use of indigenous 
Artemia for inoculating Artemia-free waters’. 

Persoone & Sorgeloos (1980), amongst others, 
had earlier pleaded for the conservation of all 
remaining natural habitats containing Artemia. 

Leaving aside introductions, direct impacts on 
fauna1 species are few. However, exploitation of 
flamingo populations, either to provide meat or 
eggs, poses a direct threat to the survival of some 
South American species (Hurlbert & Flores, 
1988). 
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Physical impacts on lake basins 

Salt lake sediments, as noted, frequently contain 
minerals of commercial value (e.g. salt, soda, lith- 
ium, zeolites) and the mining of these frequently 
either physically damage the natural structure of 
the lake basin and/or indirectly lead to long-term 
changes in lake chemistry (and consequential bio- 
logical effects). The derivation of useful salts from 
brines may also lead to physical change; often, 
this takes the form of dividing the basin into sep- 
arate regions using low banks or levees separat- 
ing waters of different salinity. Dredging activities 
may lead to the physical damage of some basins, 
as for example in the Caspian Sea. 

Climatic and atmospheric changes 

Finally in this consideration of hazards facing salt 
lakes, brief reference should be made to possible 
changes in global climatic patterns and to changes 
in the ozone concentration in the upper atmo- 
sphere. Because salt lakes represent a sensitive 
balance between many climatic parameters 
(e.g. evaporation, rainfall, temperature), relatively 
small changes in these will cause large changes to 
the natural character of salt lakes. This has al- 
ready been recognised by workers in Canada 
(Hammer, 1990). The effects of climatic change 
could take various forms. Rising sea-levels would 
flood many coastally located athalassic salt lakes 
(e.g. those in southeastern South Australia). Par- 
ticularly in danger in this respect are the many 
athalassic saline lakes occurring on small oceanic 
islands (e.g. Laysan Lagoon, Caspers, 1968). In- 
creased aridity would lead to increased average 
salinities and ultimately to desiccation. Increased 
rainfall would lead to decreased average salinities 
and in extreme cases to the conversion of closed 
to open drainage systems. Changes to the sea- 
sonal patterning of climatic events would also 
lead to fundamental ecological changes. A major 
feature of this potential problem is that climatic 
changes are likely to occur, it is claimed, far too 
rapidly to permit the biota of salt lakes fully to 
adapt naturally to them (Parsons, 1990). On the 

other hand, it is possible that previous natural 
climatic changes have also been too rapid to per- 
mit tandem evolution. Certainly, there is evidence 
that some past climatic changes have been rapid, 
and a growing number of geologists are of the 
opinion that some significant global environmen- 
tal changes occurred over relatively small periods 
of time (up to a few thousand years). 

As for decreased ozone concentrations in the 
atmosphere, the problem here is that these allow 
more ultra-violet radiation to reach the surface of 
salt lakes and excessive exposure to such radia- 
tion is deleterious to living tissues. The plankton 
of lakes cannot stand increased exposure for any 
length of time (Traulich &Wagner, 1989). In deep 
lakes, however, avoidance is possible by sinking 
to lower depths, but this, of course, is not possible 
in shallow lakes. Since many salt lakes are shal- 
low and already receive large amounts of ultra- 
violet radiation, the hazard is obvious. 

Conservation measures 

One of the essential first steps in the protection 
and conservation of any habitat is a recognition 
of its values, and the provision of a clear state- 
ment of these and the position of the habitat, its 
major features, hazards facing it, and knowledge 
available concerning it. A pioneer attempt to do 
this for inland waters (fresh and saline) world- 
wide formed the basis of ‘Project Aqua’ (Luther 
& Rzoska, 1971). ‘Project Aqua’ has been suc- 
ceeded by more comprehensive wetland invento- 
ries amongst which those produced under the 
aegis of the International Waterfowl and Wet- 
lands Research Bureau [IWRB] are notable. 
Comprehensive inventories of wetlands on all 
continents, however, do not yet exist. Even so, 
available inventories and similar publications 
have provided the basis for many important mea- 
sures to conserve wetlands already. Several are 
important sources of information on salt lakes 
aside from any conservation value they may have 
(e.g. that by Scott, 1989, on wetlands of south- 
east Asia). 

Measures to conserve salt lakes operate on 
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a variety of organizational levels: at the local, 
regional (State, Province), national and interna- 
tional level; and at the non-governmental (public- 
interest) and governmental level. No comprehen- 
sive documentation of local, regional and national 
measures available to conserve salt lakes is given 
here, of course. However, it should be pointed out 
that regional and national governmental bodies 
with an interest in conservation are in general 
increasingly open to specific proposals on sites of 
interest. Pressure from non-governmental bodies 
is often an important catalyst in this context. To 
a not inconsiderable degree it is the responsibil- 
ity of the scientific community to draw the atten- 
tion of both sorts of body to particular salt lakes 
of conservation value. 

It need scarcely be added that the responsive- 
ness, sophistication and legislative power of re- 
gional and national governmental bodies, and the 
enthusiasm, credibility and the extent to which 
non-governmental bodies are informed, differ 
from country to country. In general, the more 
affluent countries have well-developed bodies of 
both types, so that in Australia, for example, the 
formal responsibility for conservation is vested in 
a variety of governmental bodies at State and 
Federal level (Bridgewater, 1991), and there are 
also various regional and national public-interest 
groups. Formal responsibility at the federal level 
is largely the province of the Australian National 
Parks and Wildlife Service; national non-govern- 
mental conservation bodies include the Austra- 
lian Conservation Foundation and the Worldwide 
Fund for Nature (Australia). The value of non- 
governmental bodies should not be underesti- 
mated, and the Worldwide Fund for Nature 
(Australia) played an important role in promoting 
the publication of two influential books concern- 
ing Australian fresh and saline wetlands and sup- 
porting their conservation (McComb & Lake, 
1988, 1990). Unfortunately, many salt lakes occur 
in countries that are not as affluent as Australia 
and lack well-developed conservation bodies and 
formal mechanisms to provide for conservation. 
Non-governmental bodies can be especially im- 
portant in such countries. The Kalahari Conser- 
vation Society ofBotswana, for example, has been 

active in drawing the attention of the international 
limnological community to threats to the Makga- 
dikgadi pans posed by mining. 

Of perhaps greater importance here is to note 
that international measures are now available 
promoting the conservation of wetlands. They 
should be used more effectively for salt lakes than 
they apparently have been. Measures which in- 
volve both non-governmental bodies and interna- 
tional agreements are important. Amongst the 
more influential non-governmental bodies with 
particular interests in wetland conservation rather 
than conservation issues in general, mention is 
made of the International Waterfowl and Wet- 
lands Research Bureau (IWRB) (of which the 
Wetland Management Group is an active com- 
ponent), the International Association for Lim- 
nology (SIL) (of which the Working Group on 
Conservation specifically targets lake conserva- 
tion issues), and the International Lake Environ- 
ment Committee (ILEC). 

The most important international measure for 
the conservation of wetlands (fresh and saline) is 
‘The Convention on Wetlands of International 
Importance Especially as Waterfowl Habitat’. 
The convention is widely known as the RAM- 
SAR Convention after the name of the city in Iran 
where the Convention was adopted in 1971. At 
present (March 1991), there are 60 Contracting 
Parties with 508 listed sites of total area 
> 30 x lo6 ha. Australia was the first nation to 
become a party to the convention. In order for a 
wetland to be identified as a site of international 
importance, it must meet one of the following 
three general criteria (ANPWS, 1991): 

(1) Be a representative or unique wetland 
- be a particularly good representative ex- 

ample of a natural or near-natural wetland, 
characteristic of the appropriate biogeo- 
graphical region; 

- be a particularly good representative ex- 
ample of a natural or near-natural wetland, 
common to more than one biogeographical 
region; 

- be a particularly good representative exam- 
ple of a wetland, which plays a substantial 
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hydrological, biological or ecological role 
in the natural functioning of a major river 
basin or coastal system, especially where it 
is located in a trans-border position; 

.- be an example of a specific type of wetland, 
rare or unusual in the appropriate biogeo- 
graphical region. 

(2) Be significant on the basis of contained biota 
- support an appreciable assemblage of rare, 

vulnerable or endangered species or sub- 
species of plant or animal, or an appre- 
ciable number of individuals of any one or 
more of these species; 

- be of special value for maintaining the ge- 
netic and ecological diversity of a region 
because of the quality and peculiarities of 
its flora and fauna; 

- be of special value as the habitat of plants 
or animals at a critical stage of their bio- 
logical cycle; 

- be of special value for one or more endemic 
plant or animal species or communities. 

(3) Be significant in the support of waterfowl 
- regularly support 20000 waterfowl; 
- regularly support substantial numbers of 

individuals from particular groups of wa- 
terfowl, indicative of wetland values, pro- 
ductivity or diversity; 

- where data on populations are available, 
regularly support 1 y0 of the individuals in 
a population of one species or subspecies 
of waterfowl. 

Application of these criteria is made through a set 
of guidelines which enable the Conference of the 
Contracting Parties to assess the suitability of 
wetlands for inclusion on the List of Wetlands of 
International Importance. Whilst the RAMSAR 
Convention was originally formulated with the 
conservation needs of waterfowl in mind, its bai- 
liwick has now been greatly extended to cover 
many wetlands of ecological but not necessarily 
ornithological significance. Nonetheless, the num- 
ber of saline lakes listed is few, though many 
non-listed salt lakes clearly meet one or more of 
the criteria documented above. Thus, of the 39 

Australian sites listed, fewer than five could be 
regarded as saline although saline lakes are wide- 
spread and important throughout the country. 

Also of some value at the international level as 
a means of conserving salt lakes is the ‘World 
Heritage Convention’. Parties to this Convention 
list national features that have outstanding and 
universal natural and cultural values. Whilst the 
Convention does not specifically target the con- 
servation of wetlands, many listed features do 
include wetlands considered to be globally signif- 
icant in a natural and cultural sense (i.e. of con- 
servation significance). Once listed, parties to the 
Convention have a responsibility to protect the 
listed feature. Features proposed for listing must 
be comprehensively documented, have been the 
subject of national consultation, be nominated by 
the country (party) concerned, and be evaluated 
by IUCN. It may be added that Parties to the 
Convention have an obligation to protect, so far 
as possible, all features of World Heritage signifi- 
cance irrespective of whether they have been listed 
or not. 

The sorts of national and international conser- 
vation measures indicated above, it may be added, 
have not yet adequately resolved the many special 
difficulties and problems associated with the con- 
servation of inherently variable ecosystems (such 
as salt lakes). Maintenance of current conditions, 
the status quo, in a given locality may be a quite 
unnatural phenomenon. 

Mono Lake, California 

Many of the issues considered above are brought 
into sharp focus by a detailed consideration of 
Mono Lake, California. This lake has a variety of 
values and uses, a threat to its current status is 
present, some effects have already resulted from 
changes induced by man, and measures to protect 
and stabilise the lake are underway in response to 
the threat. The lake is relatively well-known sci- 
entifically, but a general discussion of it can be 
based upon Patten et al. (1987) and Stine (1991) 
who provide an authoritative summary of previ- 
ous work. 
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Mono Lake is a large, deep lake in central Cali- 
fornia to the east of the Sierra Nevada (38’ 00’ N, 
119” 00’ W). In 1986, its altitude above sea-level 
was N 1,945 m, its area, - 150 km2, and its mean 
depth, N 18 m. Surface salinity was - 84 g l- ‘. 

The values of the lake are many and diverse. 
The lake was of cultural significance to the Paiute 
Indians (for whom it also served as a food re- 
source) and the past and present aesthetic appeal 
of the lake and its environs has attracted and 
continues to attract many sightseers. In addition 
to passive enjoyment of the lake, visitors also 
boat, swim, birdwatch and walk along its shores. 
Because of its high salinity and low taxonomic 
diversity, amongst other reasons, the lake contin- 
ues to attract scientific and educational attention. 
A major invertebrate species inhabiting it, Avtemia 
monica Verill, is endemic to the lake. The lake is 
an important feeding and breeding site for several 
bird species. It is particularly important as a feed- 
ing site on the migration pathway of Wilson’s 
phalarope, the eared grebe and several other 
shorebirds. Economically, the lake is of value be- 
cause of its production of Artemia and because its 
inflows are fresh. 

It is this last value of the lake, the value of its 
inflowing fresh waters, which provides the only 
significant threat to the lake. Beginning in 1941, 
the water authorities for Los Angeles began di- 
verting water from the lake for domestic supplies. 
As a result, the lake level began to drop steadily 
from 1956 m as1 to its present level of - 1945 m 
asl, i.e. a drop of some 11 m. The effects have 
been an almost two-fold increase in salinity, from 
about 48 to N 95 g l- ‘, the exposure of consid- 
erable areas of the former lake bed, and the con- 
nection of islands (e.g. Negit Island) to the main- 
land. The effects have had consequential impacts. 
The connection of the islands allowed predators 
(coyotes) access to the colony of California gulls. 
And the exposure of the former lake bed now 
causes alkali dust storms during windy condi- 
tions. The ecological impacts of the salinity in- 
crease have not been fully documented, but physi- 
ological studies have shown that over the full 
range of salinity increase already undergone in the 
lake growth and reproductive rates for much of 

the biota have been reduced (Dana & Lenz, 1986; 
Herbst, 1988; Herbst et al., 1988). Further in- 
creases (e.g. to 120 g l- ‘) are likely to lead to 
decreased phytoplankton and phytobenthic pro- 
ductivity, and reduced population densities of the 
major invertebrates in the lake (A. monica and 
Ephydra hians Say). Depending on the degree 
of decrease or reduction, this could reduce the 
value of the lake as a feeding station for migrat- 
ing birds. 

The past and predictable effects of water di- 
version have sparked considerable debate. In re- 
sponse to public concern on the fate of the lake, 
the California Department of Water Resources 
convened an ‘Interagency Mono Lake Task 
Force’ in 1978 charged with developing a plan of 
action to preserve the lake considering social and 
economic factors. The Task Force recommended 
that diversions be curtailed and the lake level 
raised. Further concern led to the formation, fol- 
lowing a congressional directive, of the Mono 
Basin Ecosystem Study Committee (Patten et al., 
1987). After the passage of the California Wilder- 
ness Act in 1984, the Mono Basin National For- 
est Scenic area was established by Congress and 
the management of the basin placed with the U.S. 
Forest Service. The wider attention of the inter- 
national limnological community was noted in 
1982, when the following resolution was for- 
warded to President Reagan, governors and 
senators of respective states, and to the Mayor of 
Los Angeles. 

‘Because inland salt lakes are of interest to a 
variety of scientific disciplines; 
And because Mono Lake, California, [and 
Pyramid Lake, Nevada,] are of scientific inter- 
est, play critical roles in the support of several 
bird, fish and other animal populations, but are 
seriously threatened as viable environments by 
continued water diversions in the States of 
California [and Nevada]; 
We, participants of the Second International 
Symposium on Athalassic (Inland) Saline 
Lakes, meeting under the aegis of the Societas 
Internationalis Limnologiae urge responsible 
government agencies and municipalities in the 
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States of California [and Nevada], and the 
U.S. Federal Government to take into account 
scientific consideration about the value of these 
lakes when arriving at water resource decisions 
affecting them.’ 

The resolution was supported by summaries of 
the scientific value of Mono Lake. 

The present position (1990) is that a local judge 
has ordered Los Angeles to limit its diversion of 
water from Mono Lake until the level of the lake 
has risen to an acceptable level, and a state agency 
(the State Water Resources Control Board) is 
studying whether changes need to be made in Los 
Angeles’ licence to divert water from Mono Lake. 
Its ruling on Mono basin water rights is expected 
in 1993. 

The Aral Sea 

A consideration of the present situation in the 
Aral Sea, likewise, will serve to focus the earlier 
discussion. A considerable amount of material 
has recently been published on this lake, but much 
of it is of a general nature and rather little pub- 
lished material exists which documents the pre- 
cise nature of limnological and wider ecological 
changes that have taken place since the lake began 
to change significantly in response to human ac- 
tivity. The primary scientific literature on the lake, 
moreover, is somewhat inaccessible to the inter- 
national limnological community and most, of 
course, is in Russian. The necessarily brief ac- 
count given here is drawn largely from the fol- 
lowing recent references: Micklin (19SS), Aladin 
& Khlebovich (1989), Glazovsky (1990), Anon. 
(1990, 199 l), Williams & Aladin (1991), Aladin & 
Williams (in press), and various unpublished 
documents. 

The lake lies in south central Asia (between 
43”24’ and46”53’ northand58”12’ and61”59’ 
east), and is fed by two major rivers, the Amu- 
and Syr-Darya. Prior to 1960, its major physico- 
chemical features had been more or less stable for 
a considerable time, with a water-level at - 53 m 
asl. At that time, the surface area of the lake 

was - 68 000 km2, its volume was 1090 km2, its 
mean depth was 16 m, and its mean salinity was 
- 10 g l- ‘. Lake level was maintained by an an- 
nual inflow of - 50 km3 from rivers and 9 km3 
from rain. 

In its natural state, the lake had a number of 
important uses and values (some evident only 
with hindsight). Although fish production was not 
high (N 44 000 ton per annum), commercial fish- 
ing was a significant activity for several lakeside 
communities. The moderate amounts of water di- 
verted from inflowing rivers for irrigation and 
other uses was of great economic significance in 
the semi-arid regions through which the rivers 
flowed. The deltas of the Amu- and Syr-Darya 
were important habitats for resident and migrat- 
ing birds, and these and other shallow parts of the 
lake were important foci of regional biodiversity 
(including ter res ria species able to use the only t ’ 1 
moderately saline water in marginal regions of the 
lake). As the fourth largest lake in the world, the 
Aral Sea was of considerable scientific value. It 
was also an integral part of central Asian culture 
and history. And, not least, the lake served to 
meliorate the severely continental climate of the 
region. 

The major threats to the lake have been two- 
fold: the introduction of exotic species, and the 
excessive diversion of inflowing waters. 

Since 1927, numerous introductions of animal 
species have taken place. Most of these have been 
on an ad hoc basis. Up to 1957, the introductions 
were entirely fish, but since then other groups 
have been introduced. Details need not be given, 
but it should be noted that the effects of these 
introductions have been greatly to change the na- 
ture of the Aral zooplankton, benthos and fish 
community. Biodiversity in the lake was never 
high; introductions simply decreased it. 

The diversion of inflowing waters has been 
equally profound and certainly much more obvi- 
ous. From its semi-stable state prior to 1960, the 
water-level has now dropped some 14 km (to 
N 39 m asl), the water surface has decreased to 
37000 km’, and lake volume has dropped to 
340 km3. Lake salinity, on the other hand, has 
increased to 30 g 1 - ‘. The mean annual input to 



303 

the lake for the period 1980-1989 was N 7 km3 
(range: < 1 to 22). 

The effects of the changes brought about by 
water diversion have been marked. Falling water- 
levels have led to the loss of important shoal areas 
and islands in the south of the lake, destroyed the 
shallow deltas of the Amu- and Syr-Darya, con- 
verted islands elsewhere in the lake to peninsulas, 
and exposed large expanses of the former lake- 
bed. Each of these effects has had profound bio- 
logical impacts (mostly involving loss in biodiver- 
sity), and in addition the newly exposed areas of 
former lake-bed are now the sources of salt and 
sand blown from the area in dust storms during 
windy conditions. The decreased area of free 
water, and increased area of lake bed, have caused 
local micro-climatic changes such that the climate 
is now a more ‘continental’ one. 

Falling water levels have been accompanied by 
increasing salinities - from N 10 g l- ’ in 1980, 
through 11.1 gl-‘in 1970,16.5 glliin 1980,and 
now -30 g 1-l (1990). Many of the species 
present have been unable to tolerate such 
increases in salinity and have become extinct or 
are in the process of becoming so. This perhaps 
is not as devastating as it might first appear: re- 
call that most of the fauna at least results from 
introductions. 

Associated with these falls in water-level and 
increases in salinity have been several secondary 
impacts: pollution of groundwater from excessive 
use of pesticides and defoliants on irrigated cot- 
ton crops, medical problems (a general fall in 
public health, and an increase in child mortality 
and birth malformations), lowered crop produc- 
tivity, and salinization of soils and rivers. It is 
these secondary impacts, taken with the primary 
ones, which are generally referred to as constitut- 
ing the ‘Aral Sea crisis’. 

Predictions of what the end result of the water 
diversions will be depend upon the quantities of 
diverted water to be permitted in the future. Two 
scenarios advanced by P. P. Micklin (personal 
communication, 24 February 1991) for the year 
20 10 (- 20 years hence) and based upon various 
Soviet sources are that: if only 16 km3 of water is 
left to flow into the lake annually, then lake area 

will reduce to 1~ 22 000 km2, water-level will be 
3 1.5 m asl, lake volume will be 140 km3, and sa- 
linity will be - 100 g l- ‘; if 30 km3 of water is 
allowed to flow into the lake annually, then lake 
area will reduce to 38 000 km2, water-level will be 
37.5 m asl, lake volume will be 310 km3, and sa- 
linity will be - 40 g I- ‘. Both scenarios, it may be 
noted, involve values of inflow water substantially 
greater than presently reach the lake (O-5 km3 per 
annum), but still below that volume (- 50 km3 
per annum) which reached the lake before its 
water-level began to drop. These scenarios, for 
simplicity of calculation, assumed a single water- 
body. However, the lake divided into two in 1988. 

Widespread regional, national and interna- 
tional concern over the deteriorating ecological 
situation in the Aral Sea basin and in the lake 
itself has provoked a number of reactions at vari- 
ous levels. Of particular importance so far as in- 
ternational knowledge is concerned have been 
two recent symposia at which the ‘Aral Sea crisis’ 
was the main issue for discussion. The first was 
a joint USA/USSR meeting held in Indiana, 
USA, 14-19 July 1990; the second was a more 
open meeting held at Nukus, then in the USSR, 
2-5 October 1990. A number of constructive 
resolutions and suggestions, as measures to con- 
serve the lake, arose at these symposia. Addition- 
ally, the United Nations Environmental Pro- 
gramme, in cooperation with former Soviet 
scientists, has set up a working group of ‘experts’ 
to consider proposals which address various as- 
pects of the crisis and which, it is hoped, will 
meliorate the more significant negative features of 
it. A plan incorporating an overall approach was 
recently put before the working party in Moscow 
(Anon, 199 I). It will not be easy to implement this 
plan (and strong political decision-making will be 
necessary). 

Epilogue 

There are many salt lakes worldwide which have 
conservation significance, which are threatened 
by one or more hazards, but which are apparently 
not the object of any serious conservation effort. 



Any attempt to document them is premature, but 
it would be remiss not to use this opportunity to 
draw attention to at least one of them. Accord- 
ingly, attention is drawn to the Akrotiri Salt Lake 
in Cyprus. Very little has been published on this 
lake despite its importance. 

The Akrotiri Salt Lake occurs in southwestern 
Cyprus near Limassol. It has a maximum surface 
area (in winter) of 9.4 km2, a maximum depth of 
1 m, and the surface of the lake when full is 1.7 m 
below sea-level. Salinity varies from < 50 to 
> 200 g I- ’ each year, and the lake dries in sum- 
mer. It is separated from the sea in the east and 
west by a broad ridge of sand and shingle which 
in former times was breached by a channel. The 
last time there was a direct connection between 
the lake and the sea was in the early nineteenth 
century. Akrotiri Salt Lake is important as a ref- 
uge and resting place for migratory birds; as many 
as 150 x IO6 birds pass through Cyprus in au- 
tumn, and a lesser number in spring, en route from 
the Palaeartic to Africa and vice versa. The lake, 
of course, is especially important for aquatic spe- 
cies, notably flamingos, the more so since it is one 
of a small and decreasing number of natural wet- 
lands still left in the eastern Mediterranean. Note 
in this connection the extensive loss and degra- 
dation of Egyptian wetlands, particularly in the 
Nile delta. A major factor in the loss has been 
continuous land reclamation (Hollis & Jones, 
1991); the addition of pesticides, heavy metals 
and nutrients (from sewage) is implicated in their 
degradation (Burgis & Symoens, 1987). 

An important potential threat to the continued 
existence of the lake in its present condition is 
posed by the construction of a dam on the Kouris 
River, 5 km northwest of the lake, as part of a 
so-called ‘Southern Conveyor Project’. The dam 
will store water to be used for the most part else- 
where on the island, and little water will be al- 
lowed to ‘spill’. Below the dam, therefore, the 
Kouris River will dry up. The lake receives water 
from rainfall (annual mean -0.5 m), groundwa- 
ter, surface drainage (including a direct connec- 
tion from the Kouris River), and the sea when 
small amounts are added by waves during storms. 
Inputs to local groundwater from the Kouris River 

will clearly change after the dam is complete, and 
this change will undoubtedly be reflected in the 
groundwater input to Akrotiri Salt Lake. Changes 
in this and the input from surface drainage may 
be expected to impact upon the lake. It is said that 
the influence of the dam on the lake ‘is expected 
to be minor’, but this seems far from certain and 
substantive hydrological data are not available to 
prove it. 

The World Bank, the organization financing 
the ‘Southern Conveyor Project’, has called for a 
statement on the ecological implications of the 
scheme (in line with its normal procedures), and 
the preparation of this by a locally-based group is 
presently in hand. The importance of the lake is 
also recognized by the Cyprus Ornithological So- 
ciety and the Association for the Protection of the 
Cyprus Environment. A recommendation has 
been made that the lake and its environs be de- 
clared a Nature Reserve. Thus, measures are in 
place which could provide for the conservation of 
the lake. These, however, may be less robust than 
they seem or than is desirable, and it is hoped that 
this epilogue, which will draw the attention of the 
international limnological community to the lake 
and the present situation there, will serve to 
strengthen any case to conserve the lake. 
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