580

the transformation treatment’.

With the demonstration that stable
transformation of gramineous species by
direct gene transfer is possible, the pros-
pect of genetic engineering of cereal food
crops is much closer. In principle, there
is no host range limitation because
bacterium-mediated introduction is not
involved. But systems for the isolation,
culture and regeneration of plants from
protoplasts are required. The major prob-
lem in experiments on cereals is the regen-
eration of entire transformed plants from
protoplasts. In addition, transformation
frequencies reported so far for direct gene
transfer, for tobacco at least, are much
lower than those obtained by cocultiva-
tion with Agrobacterium (about 0.01 per
cent compared with 10 per cent), and
there may be multiple copies or other
modifications to the directly introduced
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DNA’. The development of methods to
increase transformation frequencies and
of techniques to transform totipotent
cereal cells must be the next step. In
other words, this is now a problem of
plant cell biology and tissue culture,
rather than a fundamental problem of
molecular biology.
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Palaeoecology

Holocene evolution of lakes

from F. Alayne Street-Perrott

By usiNG a well-chosen combination of
palaeoecological and isotopic studies, J.-
C. Fontes and colleagues have been able
to trace the Holocene evolution of three
small, closed lake basins on the borders
of the Great Western Erg, in northern
Sahara. Their paper, published on page
608 of this issue', is the latest in a lineage
that can be traced back to 1715 when,
eleven years after he had identified ‘his’
comet, Edmund Halley presented to the
Royal Society a paper “On the cause of
the saltness of the ocean, and of the sev-
eral lakes that emit no rivers; with a prop-
osal, by help thereof, to discover the age
of the world™. In this short but imagin-
ative essay, he laid the basis for the inter-
pretation of variations in the level of closed
lakes (lakes without surface outlets) in
terms of changes in climate; he also postu-
lated that such lakes increased in salinity
as the inflowing waters were concentrated
by evaporation.

The links between climate and lakes
were elucidated further by Julian Jackson,
an eccentric retired Indiah Army colonel,
who identified three types of ‘affluents’
into a lake — direct precipitation, surface
runoff and groundwater; and three types
of outputs — evaporation, surface outflow
and groundwater seepage . He contrasted

100 years ago

The third International Congress of Geologists,
postponed last year on account of the spread of
cholera in southern Europe. has just been held
at Berlin. The use of French as the language of
discussion was no doubt one effective cause of
silence on the part of many members who
would otherwise only too readily have made
themselves heard. Under such circumstances
the Latin races have of course a considerable
advantage over the Teutonic.

From Nature 32 599, 22 October 1885.

the different inputs and outputs in terms
of salinity and sediment load, and de-
bated the origin of salt lakes, concluding
that some were “formed originally by the
universal ocean” whereas others owed
their salinity to evaporative concentration.

In the century and a half since Jackson’s
treatise was published, the study of lake-
level fluctuations has become an accepted
source of information about past climatic
changes®. Variations in the water level of
closed lakes can be reconstructed both
from direct evidence (historical docu-
ments, dated shorelines, buried soils in
lake-sediment cores, lakeside archaeolo-
gical sites) and indirectly, using the
assumption that the salinity of closed lakes
varies inversely with volume. Since many
lacustrine organisms, notably diatoms,
charophytes, chrysophytes, ostracodes
and molluscs, are sensitive to salinity and
alkalinity, fossils are often used to infer.
past hydrological changes. Supporting
evidence can be derived from the analysis
of stable isotopes (O and "C) in lacus-
trine carbonates.

When radiocarbon dating became gen-
erally available in the early sixties, it was
soon apparent that the closed lakes in re-
gions such as the Sahara had experienced
similar histories®. By 1979, it was clear that
lakes and swamps had expanded in many
tropical regions north of the Equator be-
tween 12,000 and 3,000 yr Be (ref. 6). This
wet phase has recently been attributed to
an increase in monsoon rains induced by
the early Holocene maximum of summer
insolation that is predicted by the Milan-
kovitch theory’.

The three Saharan basins that form the
subject of the study by Fontes et al. are
dry. The water table lies far below the
basin floors, although in the past it may
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have intersected the surface. The dates for
the basins obtained from the lacustrine
period span the range 9,000 - 3,000 yrs
BP. Significant discrepancies, however,
emerge when records for individual basins
are compared. Fontes er al. attribute these
differences to local hydrological factors
rather than dating problems.

This conclusion confirms fears that the
fine details of the Holocene climate record
may prove hard to reconstruct from
groundwater-fed lakes. Lakes in which
groundwater forms a substantial propor-
tion of the water budget tend to suffer
from two serious defects as palaeoclimatic
indicators. First, their response to climatic
fluctuations may be damped, delayed, or
perturbed by the sudden opening and
closing of underground conduits. Second,
lengthy aquifer-residence times may
result in the introduction of dead carbon
into surface waters, giving rise to anom-
alously old radiocarbon dates.

Another important finding is that, dur-
ing phases of low lake levels, the fossil
assemblages and isotopic values mimicked
marine conditions, although the sites lie
more than 500 km inland. The lake de-
posits contain ‘marine’ foraminifera, dia-
toms and molluscs, showing that great
caution is needed when interpreting
evaporitic sequences in arid areas’. One
giveaway in this case is that individual
beds often display a mixture of freshwater
and saltwater organisms. Based on the “O
results, this situation is thought to have
resulted from rapid evaporative concen-
tration of seasonal or intermittent influxes
of fresh groundwater, a situation that may
have been common in the central and
northern Sahara".

The initial phase of euphoria about the
value of lake-level fluctuations as an in-
dicator of past climatic changes has been
replaced by a more cautious and critical
mood resulting from the discovery of va-
rious complications, notable those associ-
ated with groundwater and anthropogenic
effects. Nevertheless, the multidisciplin-
ary approach adopted by Fontes et al.
holds great promise for tackling some of
the searching questions about the hydro-
logical and chemical evolution of lakes
posed by Jackson over 150 years ago,
over a century after Halley’s paper. O
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