SCIENTIFIC CORRESPONDENCE

Ice particles and the greenhouse

Sik — Within the framework of a suitable

model the properties of the Earth’s green- |

house can be calculated from tables of ab-
sorptivities of the greenhouse gases'. We find
that, taking the Earth’s albedo to be 0.30, the
Earth’s effective infrared temperature with
no greenhouse would be about 255 K. Ad-
ding the present-day greenhouse gases raises
the Earth’s mean temperature to about 292
K, in agreement with experience. Doubling
the present atmospheric CO, content would
raise the mean temperature by a further
1.5 °C without including a knock-on-effect
from water vapour. The latter is what one
cares to make it. A typical increase of a factor
of 2 gives a rise of about 3 °C,

Even slight variations of circumstances
that have been kept constant could alter the
result of this investigation; the albedo is one
such factor. Increasing the Earth’s albedo
from 0.30 to 0.315 would conceal the
doubling of CO,. The albede depends on
clouds in the troposphere, and on the nature
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of the Earth’s surface — oceans, deserts,
grasslands, forests, crops, ice and snow.
Small ice crystals in the mesosphere also
significantly affect the albedo. The figure
shows the average mass coefficient for the
exclusion of solar radiation due to backscat-
tering by spherical ice grains uniformly dis-
tributed over a suniit hemisphere?, The com-
putations are based on Mie theory combined
with integrations over a hemisphere and an
averaging with respect to the solar spectrum.
We note that for particles with radii of a few
tenths of a micrometre, a typical value of the
mass exclusion coefficient is about 4,000 cm?
g™, the result being inseasitive to the precise
particle size. Taking the mass loading of the
particles over the whole Earth to be 1072 £ ¢
(where & is a parameter that ranges from
about 0.1 to 10), the albedo is increased by
101 £ X (4,000)/5 X 10" =8 X 10~* £ {the
surface arca of the Earth being ~ 5 X 108
cm’}. A value of § of order 10 would there-
fore yield a cooling of the Earth sufficient to
cancel out a doubling of the atmospheric CO,
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content. Although such a value of £ is not
currently operative, the total water vapour
content of the high atmosphere would, if
condensed, be far more than sufficient. The
measured mid-stratospheric water vapour
content is indeed in excess of 10'* g. Condi-
tions for the condensation of water vapour
into particles appear to be delicate?, sugges-
ting that no great change would be needed to
increase £ substantially. Episodes of exten-
sive ice-crystal condensation could be trig-
gered by either terrestrial or extra-terrestrial

factors connected with the supply of conden-
sation nuclei. Perhaps this is what happened
during the Little fce Age.
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African fishes

Sir — Meyer et al. conclude' that morpho-
logical diversification in flocks of cichlid
fishes in Lake Victoria occurs without much
molecular evolution. This agrees with our
own data on hybrids between different
species of cichlid fish from Lake Victoria,
which can be bred easily over several gener-
ations®™*. In addition to the molecular data
on mitochondrial DNA, our results show the
genetic compatibility for the entire genome
of some Lake Victoria ‘haplochromines’.

But we disagree with Meyer ef al.’s second
conclusion that Lake Malawi species are
more closely related to those of Lake Vic-
toria than to those of Lake Tanganyika. We
tested by hybridization the genetic compati-
bility of Astafotilapia burtoni, a riverine
species from the Lake Tanganyika basin, with
Astatotilapia nubilus, a riverine species from
the Lake Victoria basin. The fertility of the
hybrids between these species suggests that
they are genetically almost as compatible as
haplochromines from the Lake Victoria
basin®?. Moreover, we also tried to breed
hybrids between the monotypic genus Asta-
toreochromis alluaudi and several haplo-
chromines of Lake Victoria. According to
Meyer et al., this species should be more
closely related to Lake Victoria haplo-
chromines than to those of Lake Tan-
ganyika. We succeeded, however, in breed-
ing only one hybrid population between
Astatoreochromis alluaudi and Astatotila-
pia ‘black lividus’ (a so far undescribed
species of Lake Victoria). These hybrids re-
produced, but the eggs deteriorated before
hatching. This is the only evidence for sterile
hybrids that we have obtained so far. Asza-
toreochromis alluaudiis also the only species
in Lake Victoria that stands out in its protein
characteristics®.

We believe that Meyer et a/. should in-
clude molecular data from the riverine Lake
Tanganyika haplochromine A, burtoni in
their analysis. Their second conclusion will
then be that some haplochromines of differ-
ent lakes arose from more closely related riv-
erine species; in other words, that segrega-
tion had started before the lakes formed. The
major problem of the species flocks of the
great African lakes is clearly how they have
evolved and are maintained in sympatry,
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while obviously relying exclusively on pre-
mating barriers — a significant ethological
problem in its own right®,
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MEYER ET 4l REPLY — Inferring relationships
from patterns of hybridization is risky. The
hybridization studies involving Astatotilapia
burtoni males and Astatotilapia nubilis
females produced only lethal hybrids® Fe-
males of A, burtoni mated rarely with males
of A. nubilis, but produced viable hybrids®.
Numerous studies have shown that hybrid
incompatibility, atthough usually correlated
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Evolutionary tree based on comparisons of
partofthe contrel region of mtDNA. The region
sequenced and the methods used are
described by Meyer et a2, Bootstrap values
appear above the two internal branches that
are statistically significant (a—b and c—d).
The distance from any node to the tips of
the descendant branches are roughly
proportional to the average number of base
substitutional differences between species
united by that node. The root of the tree (node
d) was determined by using Julidochromis as
an outgroup (see ref. 1). The two sequences
of Astatotilapia have been deposited in Gen
Bank with accession numbers X58151 (A.c.)
and X58152 (A.b.).

with phylogenetic distance, is not an accurate
metric for building trees and time scales.

In anticipation of questions about Asraro-
tilapia’s phylogenetic status, one of us (A.
M.) sequenced the most variable part of the
control region of mitochondrial DNA from
two key species, A. burtoniand A. calliptera
{a non-endemic cichlid from Lake Malawi).
Three Astatotilapia species from the Lake
Victoria basin (A. aubilis, A, elegansand A.
piceatus) had already been tested'. The
figure shows a tree relating the two new
sequences (o those of the species flocks in
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