
Adaptations in desert organisms:
even the bad times may be good
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AT THIS TIME OF SERIOUS CONCERN
about climate change and the implica-
tions for the continued existence of many

kinds of life on Earth, a colloquium† that
reviewed survival strategies and the natural
history of desert organisms is pertinent.
Here we draw attention to highlights of the
meeting.

Tolerance
Desert organisms that are resident and

persistent through dry and wet spells
may be expected to have evolved mecha-
nisms that enable them to tolerate
extreme water deprivation, heat, cold,
food shortages and, in the case of plants,
continual exposure to herbivory. Extremely
harsh conditions require extreme adapta-
tions and limit the morphology and
diversity of sedentary desert organisms.
Michael Pfiz1 showed that the diversity of
lichen growth forms could only partly be
explained by the microclimatic parame-
ters measured. Coastal fog, dew and rela-
tively high humidity allowed foliose and
fructicose lichens to survive near the
coast, whereas crustose lichens could
tolerate the extremely desiccating condi-
tions caused by the warm, dry winds that
blow from inland.

When nutrients are also marginal for
plant growth, one might expect the most
extreme adaptations. According to Peter
Grubb,2 some of the most spinescent
grasses in the world are the mound-
forming, evergreen, desert species of
extremely nutrient-deficient sands. These
are spinifex (Triodia) of the sandy Australian
deserts, and Cladoraphis cyperoides and C.
spinosa that dominate aeolian sands in the
Nama and Succulent Karoo semi-deserts
of South Africa. Grasses and shrubs of

finer-textured, more nutrient-rich soils
under the same rainfall do not have this
growth form. A possible exception are the
plant species that specialize in pans and
drainage lines which are habitats where
mammals concentrate in deserts.3

Economy of water use may be expected
in desert animals. Fred and Sarah Gess4

discussed an example of Quartinia, a
well-adapted desert wasp genus that
saves water by manufacturing silk to bind
the soil of its nest burrow, rather than
using water or nectar to bind soil particles
as is the case in all other masarid wasp
genera.5 These desert wasps are also
remarkably adapted to fly and forage
in extremely windy conditions, and at
extremes of temperature, high and low.

Independence from the need to drink
free water is possible in mammals that
have a specialized diet of ants and termites.
The aardvark (Orycteropus afer) and the
aardwolf (Proteles cristatus) apparently
meet all their water requirements in this
way. But water economy is improved by
nocturnal activity, use of relatively humid
burrows during the heat of the day,6,7 and
reduction of metabolic rate during times
of stress.5 Desert birds also have an econ-
omy of water use that they achieve by
having a total evaporative water loss
lower than birds of mesic habitats. They
are also able to metabolize water from
foods, including insects, seeds and succu-
lent green plant matter. On the rare
occasions that they drink, they are able to
deal with high concentrations of salt
(NaCl) in their drinking water.8

High temperatures are tolerated by
mammals through thermoregulation.
This can be achieved through behaviour,
anatomy, morphology or physiology.
Both springbok (Antidorcas marsupialis)
and giraffe (Camelopardus) orientate their
bodies to optimize heat gain or loss. It is
possible that the dark patches on the
pelage of these animals act as thermal
windows, releasing heat under hot condi-
tions and absorbing heat from the sun
when the ambient temperature is low.9,10

Further evidence for this is the greater
diameter of the blood vessels underlying
the dark patches on giraffe skin.9

Reserves
In arid areas, a single rain event that

stimulates germination may not be
followed by additional rain that enables
seedling survival, growth or reproduction
of annual plants. This situation in deserts
has selected for a number of dormancy
mechanisms and germination tactics
that allow species to retain reserves of
dormant seeds stored in soil. Hard and
polymorphic seeds, water-soluble inhibi-
tors, differential responses to tempera-
ture and light, and variable breaking of
dormancy are all features of seeds of
different species, all adaptations by desert
plants to ensure the continued existence
of their genes.11

Plants are able to store water in leaves,
stems or roots. A reserve of this kind gives
such plants a certain amount of inde-
pendence from rainfall, enabling them to
maintain photosynthesis, or to flower
and seed at times when other plants are
dormant.12

Desert tortoises (Testudo horsfieldi) in
Uzbekistan live on the edge, breeding
during a three-month window.13 To avoid
very hot summers and very cold winters,
the animals remain underground for
most of the year, emerging during late
spring. The tortoises forfeit stored reserves
of water and protein to produce up to five
eggs in a clutch, and up to three clutches
in their brief and synchronized breeding
season, but individuals can also respond
opportunistically to environmental con-
ditions.14 Large females laid bigger eggs,
and produced disproportionately more
eggs than small females, suggesting
strong selection for large females.

Refuges and escapism
Annual plants of deserts rarely experi-

ence drought stress because during dry
times they exist only as dormant seeds, in
this way avoiding the need to tolerate
heat and aridity.11 Many mechanisms
have evolved to synchronize the germi-
nation of seeds of annual plants with
major rainfall events and decreasing
temperatures to ensure a relatively stress-
free life for the plants.11 Young Aloe pillansi
and certain other plants appear to estab-
lish mainly in the shade of shrubs and
rocks.15 These protected sites probably
reduce desiccation, improving recruit-
ment.

Tortoises (Geochelone gigantea), on the
tropical island of Aldabra, are entirely
dependent on a few large shady bushes
to escape the heat, and overheating is
possibly the main mortality factor for this
population.16 In Uzbekistan, tortoises
have taken avoidance of extreme weather
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conditions a long step further, by aesti-
vating beneath the sand for nine months
of the year.14 Similarly, small mammals17,18

make use of thermal refuges such as
burrows and the shade of shrubs and
rocks to avoid direct exposure to high
temperatures. The loss of suitable refuges
could imperil these animals. Other be-
havioural adaptations may apply, such as
nocturnal foraging or restricting activity
during the day to the cooler times, or even
using torpor to avoid hot or excessively
cold spells. Desert birds use features of
their environment to escape from high
temperatures, cooling off in rodent
burrows, perching in shade and using
elevated platforms to take advantage of
cooling winds.8

Birds can also escape from depleted
resources by moving around within the
landscape or moving away entirely. For
example, larks dependent on the seeds of
desert grasses for both food and nest
material exploit patches where these
occur, and leave when the resources
decline.19 Mobility is also characteristic of
the lives of herding peoples of semi-
desert regions. Baker and Hoffman’s20

study of herders in the communal range-
lands of Namaqualand showed that they
moved their stock posts as often as 16
times in a year. Such movements were
motivated for both environmental and
personal reasons, and the only measurable
benefit was a reduction in livestock
mortality.

Opportunism
The ability to respond to rain at any

season should be advantageous to plants
in climates where growth is limited more
by water than by temperature. Large
rainfall events result in flowering in
many, but not all, grasses and shrubs of
the Nama-Karoo. It appears that deciduous
species are more likely to flower opportu-
nistically than evergreens, and some
perennials can flower and set seed three
to five times annually, given suitable rain
events.12

Some desert animals can opportunisti-
cally increase their investment in breed-
ing in response to major rain events
and resource abundance. For example,
some birds can increase clutch size,19 and
tortoises can increase egg size and the
number of clutches produced in a year.21

Opportunism can also occur over shorter
time scales. Ingrid Wiesel22 recorded
brown hyaenas (Hyaena brunnea) killing
more Cape fur seal (Arctocephalus pusillus)
pups than they could eat during the seal
breeding season on the south coast of
Namibia.

Bet-hedging and trade-offs
Polymorphism and variable dormancy

of seeds within species are characteristic
of many Namaqualand plants. These
adaptations permit a fraction of the seed
population to germinate immediately in
response to rainfall, reducing the risk of
extinction that might result from the lack
of follow-up rains.11

The small padloper tortoise (Homopus
signatus) in Namaqualand lays a single
large egg, bigger than the shell opening
and the pelvic girdle.21 Although there is a
high energy cost, and possibly mortality
risk, associated with such a large egg, the
resulting hatchling begins life at a size
that improves its chances of surviving the
vicissitudes of its harsh environment.

Lizards (Cordylus cataphractus) need to
forage away from shelter for their termite
food, and have traded sprint speed for
heavy armour, effective against many
small predators.23 The cost of the heavy
armour is paid in other ways — because
the lizards are relatively slow-moving,
and reluctant to move far from shelter,
they live in groups under rocks, with very
little dispersal of young.

Mismatches
According to Noy-Meir ’s (1973)24 water-

driven model for deserts, rainfall should
trigger plant growth and animal activity
in the soil. It would therefore be expected
that insect eggs and pupae in the soil
would emerge in response to increasing
soil moisture. The finding25 that some pol-
len bee species emerge in spring, even in
dry years, is therefore surprising.

This mismatch between the bees and
their pollen source could only have
survival value in relatively predictable
winter rainfall deserts. However, it is
known that not all immature imagoes of a
given species emerge simultaneously,5

so that there is some inter-generation
storage. Rain-independent emergences
are probably bet-hedging.

Resilience
The popular press has recently voiced

concern over the fate of the charismatic
Aloe pillansi because matched photographs
have shown that large individuals in
populations of this species are dying
without replacement. However, Timm
Hoffman and his students have observed
that there are some seedlings present and
that recruitment is associated with winter
rainfall events. Hoffman15 pointed out
that resilience and stability of populations
of long-lived plants are notoriously diffi-
cult to assess in arid environments where
recruitment is episodic and mortality is

continuous, and that it is impossible to say
whether Aloe pillansi has gone into termi-
nal decline or is simply waiting for a suit-
able rainfall event.

The preference of grazing animals for
certain plant species leads to changes
in vegetation composition. Under arid
conditions, the failure of transformed
rangelands to return to their original state
when grazing is withdrawn has often
been attributed to competition among
plant species for water. Peter Carrick,26

in a study of interactions between a
shallow-rooted palatable shrub species
(Ruschia robusta) and a deep-rooted shrub
(Galenia africana), was able to demonstrate
that scarcity of seeds of the palatable
species prevented its recolonization of G.
africana-dominated rangeland, rather
than competition for water. Seed avail-
ability, in this case, determined plant
community resilience.

John Skinner has long maintained that
springbok populations are highly resilient
to drought and hunting mortality because
they can breed opportunistically at any
time of the year, can lamb twice yearly
and can conceive from the age of five
months. However, springbok numbers
have declined rapidly in the Kgalagadi
Transfrontier Park in recent years, and a
number of former male territories are no
longer occupied. Reasons for this decline
are unclear, but there is no evidence that it
is related to resource depletion or preda-
tion within the park.9

Changing times
In 2001, Midgeley et al.27 published the

results of a climate model based on an
increase in atmospheric CO2 that is
expected to increase January tempera-
tures by one to four degrees in the Karoo.
Their model predicted that the vegetation
of the Succulent-Karoo and Nama-Karoo
as we know them will change within the
next 50 years, and implied that the highly
diverse succulent flora of the Western and
Northern Cape provinces was under
threat. Field experiments to test this
hypothesis involved the enclosure of
patches of quartz-field succulents in
topless glass chambers that reduced air
flow, raising temperatures by two to three
degrees. Schmiedel and Musil28 reported
that 74% of dwarf succulents within the
enclosures died in a single summer,
compared with 21% in the surrounding
controls. Although they acknowledged
that there were problems with the experi-
mental design, it is clear that dwarf succu-
lents are vulnerable to small increases in
temperature.

Reduction in river flow of the Orange
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River has led to an increase in surface soil
salinity of the salt marshes at its mouth at
Alexander Bay. The area is now too saline
for plant growth even when water is
present. The loss of these salt marshes
detracts from the aesthetics and tourist
potential of this Ramsar wetland, and
consequently undermines tourism-related
employment options for the local commu-
nity.29 This illustrates the importance of
setting and maintaining ecological reserves
in rivers.

Changes in the distribution of surface
drinking water accessible to livestock and
game can lead to alterations in vegetation
and habitat structure. De Beer et al.30 re-
ported that at Etosha tree mortality from
1980 to 2000 was greater near artificial
water points than away from them. As
African elephants (Loxodonta africana) use
these water points during the dry season
and frequently damage trees, they may
have contributed to this trend. However,
a widespread drop in the water table of
the area raises some uncertainties about
the cause of the observed changes.
Decreases in elephant density as a result
of increased stock farming in some parts
of Africa can totally change dung beetle
faunas and rates of nutrient cycling, and
in this way effects may be as dramatic as
increases in elephant density.31

Livestock grazing, in conjunction with
climate change, can reduce vegetation
cover, soil stability and future land-use
options. This was clearly illustrated using
a time series of photographs that spanned
80 years.32 Grazing-induced changes are
reflected in both vegetation and plant
pollinators.25

Conservation planners need to design
protected-area networks and make deci-
sions about the quantities or minimum
surface areas required to conserve diver-
sity in a landscape continually being
transformed by land use. Given that it is
impossible to quantify diversity through-
out each biome, some surrogate must be
used for practical land-use planning.
Philip Desmet33 presented a model that
showed that landscape heterogeneity
and energy (productivity) were adequate
surrogates for conservation planning in
Namaqualand.

Even the bad times may be good
It has been proposed that desert organ-

isms, living at the limit of their tempera-
ture tolerance, are at risk through global
warming. However, amelioration in the
harsh and unpredictable conditions may
mean increased competition from more
aggressive, more productive species that
do not trade-off efficiency for survival

and reproduction. For these organisms,
increased rainfall through climate change,
or anthropogenic modification of the
environment to provide permanent
surface water, planting of trees, and
irrigation of crops may pose threats. Such
modifications allow water-dependent,
non-desert-adapted plants and animals
to thrive; these more productive species
are likely to out-compete the desert
specialists. For highly adapted desert
organisms — even the bad times can be
good!
Our attendance at the colloquium was funded by the
German Ministerium für Bildung und Wissenschaft
under project number 01 LC 0024A (BIOTA — south-
ern Africa, Project SO9).
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Launch of allied professions group under NSTF
The National Science and Technology Forum (NSTF) aims to expand its membership base by

inviting all science, engineering and technology (SET) professional institutions, associations

and societies to form a single unified body, to be known as the Scientific, Engineering and

Technological Societies and Allied Professions Group of South Africa (SETAG) under the

umbrella of the forum. SETAG was launched on 14 September at an occasion with more than

120 SET organizations represented. The combined group will seek to address issues of

common interest, gaining further recognition for science and technology in national life, and

influencing SET policies and strategies. Member organizations will continue with their normal

activities and enjoy separate identities outside the forum and SETAG.

The NSTF invites eligible organizations not yet members of SETAG to join this partnership.

Further information is available from the NSTF Secretariat at P.O. Box 9823, Pretoria 0001

(e-mail: nstf@csir.co.za; website: www.nstf.org.za).

The NSTF is now also calling for nominations for its 7th annual science and technology

awards. These awards, for 2004, recognize both individuals and organizations. Nominations

(see the NSTF website for details) should be received not later than 31 January 2005.




