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SCIENTIFIC CORRESPONDENCE 

higher visual centres in night vision; thus 
any two light stimuli causing equal rates of 
rhodopsin isomerization woduce indis­
tinguishable neural signals 0

. An explana­
tion for the monogeusia analogous to that 
accounting for scotopic monochromacy is 
that the three sugars bind reversibly to a 
single class of membrane receptor in taste 
cells. On the assumptions that such bind­
ing is first-order, and that the psycho­
physical indiscriminability relation is tran­
sitive, our data imply that at the tongue 

surface the apparent relative affinities for 
sucrose, fructose and glucose are 1, 2/3 
and 1/3, respectively. 
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Climate effects on mountain plants 
SIR- Temperature-limited environ­
ments such as boreal regions, arctic re­
gions and high mountains are thought to 
be very sensitive to greenhouse warming1

. 

As a result of such warming, for example, 
plant species and communities in high 
mountains will be pushed upwards in 
elevation and may be eliminated if already 
at mountain summits2

•
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. If evidence were 
to be found of a continuing change of 
summit floras, this would indicate that 
global warming is already having a signifi­
cant ecological impact. ·Although pre­
liminary observations have recently been 
presented4

, no conclusive evidence has 

yet been reported. 
During the summer of 1992, we col­

lected data on the state of the flora at 26 
summits exceeding 3,000 min the middle 
part of the Alps (western Austria, eastern 
Switzerland) and compared the actual re­
cords on cover and abundance of vascular 
plant species with historical records5

-
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Species richness has increased during 
the past few decades (see figure), and is 
more pronounced at lower altitudes. 
However, upward movement of the 
alpine-nival flora is an overall trend, as 
indicated by the comparison of the fitted 
regression lines for species-richness with 

S -~P~ec~i~es~ri~ch~n_e~s~s~(~sr~)~[~n_um __ b_e_ro_f __ s~p_e_c_ie_s~] _______ , 
?Or 

.. 
60 

I 
0 

50 

40 .. 
I 
0 

30 0 ' 

20 

10 

altitudes of summits ~ 
111 

o~-~~----+-~~~*--+~--~--~--~ 
2800 2900 3000 3i00 3200 3300 3400 3500 

2850 2950 3050 3150 3250 3350 3450 

Altitude [m] 

Species richness of historical and our present-day records at 
nival summits in the Alps plotted against altitude. Rare 
species are downweighted (0.25), species of moderate 
abundance were given the weight 0.5, frequent species the 
weight 1.0. Rare species were downweighted due to the 
comparatively high probability that these were overlooked by 
the original authors. Displayed are 24 summits with siliceous 
bedrock. Age of the historical records is 40 to 90 years 
(circles, 1895-1918; squares. 194 7-53; triangles. present­
day). Arrows, increase in species richness. which IS pro­
nounced at lower altitudes and low to moderate at higher 
altitudes. Most summits considered are climbed only occa­
sionally, so the effect of humans is negligible. 
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altitude. Although the pre­
sented data are not cor­
rected for age of the histor-
ical record or for the expan­
sion of the considered belt, 
the difference between the 
two regression lines is 

obvious. The exponential 
decrease of species rich 
ness with altitude is a 
general feature of the nival 
vegetation above the closed 

alpine grasslands. 
On the basis of 12 very 

recise historical records 
10

, we calculated moving 
rates for nine typical nival 
plant species. The max­
imum values approached 
4 m per decade, although 
most of the values were be­
low 1m per decade. The old 
records used for this cal­
culation were collected 
about 70-90 years ago. 
According to the records 
from meteorological sta­
tions in Austria, the mean 
annual temperature has in­
creased since that time by 
0.7°C(ref.11). Takinginto 
account an average de­
crease of0.5 oc per 100m of 
increasing altitude, this 
warming should theoreti­

cally lead to a shift in the 
altitudinal vegetation belts 
at a rate of 8-10 m per 
decade. The empirical 

values are clearly far lower than this. 
In conclusion, there is no doubt that 

even moderate warming induces migra­
tion processes, and that this process is 
under way. The example from the limits of 
plant life at high alpine summits is of 
general importance and suggests that 
global warming is already having a signifi­
cant effect on alpine plant ecology. Even 
in situations where plants must move 
upwards, the warming is sufficient to 
stimulate migration, and may cause dis­
astrous extinctions in these environments. 
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Scaling and brain 

connectivity 
SIR - From published information de­
scribing the connections between areas of 
macaque monkey visual cortex, Young 
has applied non-metric multidimensional 
scaling (NMDS) 1

-
4 to construct a two­

dimensional map of 30 areas5
. Areas are 

represented as points and were found to 
be arranged on a circle, which Young took 
as evidence for the 'two-streams' hypoth­
esis of visual processing. 

NMDS is designed for ordinal data. 
From a matrix of similarities between a 
given set of objects, a representation of 
the objects in a geometric space is sought 
such that the rank order of the distances 
between objects in the space corresponds 
to the reverse rank order of the similar­
ities. In Young's case, similarity encodes 

the degree of connectivity for each pair of 
areas, with the connectivity specified as 
either reciprocal, unidirectional, or ab­
sent. We first explored the fit of his 
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