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the book could have given authorative
guidance. Surely British physiologists
and Cambridge University Press should
now abandon this pretentious and un-
helpful practice and follow the rest of
the world.

More serious are the problems raised
by the discovery that dendrites may have
synaptic outputs and that axons can have
inputs from other axons. Moreover, den-
drites do not always have graded synap-
tic responses but may carry voltage-
gated propagated action potentials,
whereas, conversely, some axons do not
carry these at all. Shepherd summarizes
the effects of such processes: “there is
not a fixed correlation of structure and
function within the different parts of the
neuron; axons and dendrites provide
flexible substrates in which a variety of
membrane channels and local organ-
elles . . . can support ditferent types
of physiological properties and function
operations . . .. So although the neuron
remains a basic anatomical, physio-
logical, genetic and metabolic unit . . .
it contains several levels of local sub-
units, and is itself a part of larger
multineuronal units.” Such a neuron has
several potentially modifiable parts. [t
will provide a truer picture for neuro-
scientists and theoreticians who are
trying to model parallel computing sys-
tems (although there will be difficulty in
constructing them).

It is useful to have, at the same time
as this review of the neuron doctrine, a
new issue of Cajal’s own book on degen-
eration and regeneration of the nervous
system. This was first published in Span-
ish in 1913-14, the cost of publication
being covered by expatriate Spanish
physicians in Argentina in honour of
Cajal’s Nobel prize. It was translated
into English in 1928, but without several
important sections that are included in
the present edition. Complete with Caj-
al’s excellent pictures of his prepara-
tions, the new edition makes a wonder-
fully full account of regeneration. Sev-
eral of his most important ideas are
developed here. Particularly relevant to
modern work are the concepts of neuro-
tropism and his studies of regeneration
in the central nervous system. It is good
to have this book, but it tempts one to
complain that Cajal’s greatest work, His-
tology of the Nervous System of Man and
the Vertebrates, published in 1899 in
Spanish and in 1909 in French, is still not
available in English. Illustrated again by
Cajal’s beautiful figures, that book pro-
vides detail of every part of the brain
and peripheral nervous system, and
should be accessible to every neuro-
scientist. a

J. Z. Young, emeritus professor of anatomy
at University College London, is at 1 The
Crosslands, Brill, Aylesbury, Buckingham-
shire HP18 STL, UK.
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Diversity and the Tropical Rainforest.
By John Terborgh. Scientific American
Library/W. H. Freeman: 1992. Pp. 242.
$32.95, £17.95.

BI1OLOGY textbooks talk of rainforests as
‘layered’, five layers being the favoured
number. This postulate (it has been little
more} dates to Paul Richards’ book The
Tropical Rainforest (Cambridge Uni-
versity Press, 1952), the first real com-
pendium of rainforest phenomena. But
can plants staked out under the Sun
really be expected to form layers, each
plant, as it were, assigned to its proper
station?

In a fine overview of rainforest law,
John Terborgh offers an answer based
on the geometry of light and shadow.
Tree tops are crude cylinders, inevitably
with gaps in between. Light angles down
between them, eventually to blend and
provide modest but even illumination
throughout the day. Shaded trees get
their best net energy returns by spread-
ing their canopies in this even light. Add
a layer for the darkness of the forest
floor, and another for emergent trees as
a strategy made possible by year-round
productivity, and four-fifths of Richards’
layers are explained.

But the greatest oddity of rainforests
is their astonishing diversity. The latest
spectacular assessment comes from the
gassing by Terry Erwin of the canopies
of trees of a single species in Panama.
This brought down 1,200 species of
beetle, most of them new to science. If
13.5 per cent of these beetles were
host-specific, if as many of all arthropods
were equally host-specific, and if all
50,000 known species of tropical forest
tree had an equivalent insect ration, then
the world’s rainforests hold 30 million
species. If, if, i1f . . .. Nobody actually
believes this extrapolation. Perhaps the
real figure is a mere three million.

For the trees themselves, Alwyn
Gentry made the greatest tally yet, on
the lower Rio Napo in Peru. Gentry
climbed every tree in a hectare (10,000
square metres) to sample flowers, fruits
and leaves. The perilous climbing, with

ropes and irons, 20-50 metres into the

green mists overhead, took him more
than a month. After a year or more of
waiting for all of the specialist taxono-
mists to make their reports, Gentry
had shown that 300 species were in-
cluded in the 606 trees with trunks 10
centimetres or more in diameter. Ter-
borgh notes that Gentry was without
assistants because no-one would fund
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Light and shade encourage development of a
layered forest. (Picture is taken from The Last Rain
Forests edited by M. Collins and published by
Mitchell Beazley. Price £17.99.)

this vital work at a sensible level.

How does life in the wet and warm,
with no winter, and the Sun at its zenith,
allow the packing together of so vast an
array? Whole new ways of life are possi-
ble, guilds of ant-following birds, for
instance, and guilds of fruit and nectar
feeders. The areca of land for specialism
in any temperature regime is far larger
at the equator than at high latitudes,
theoretically allowing fine separations
between species. And so on.

But the most persistent attempts to
explain the high diversity of life in rain-
forests have used the idea of differential
extinction. High latitudes have lost their
species to extinction in ice ages or from
harsh seasonal vicissitudes. Low lati-
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tudes have not only been spared but
have avoided competitive extinction be-
cause of the ‘intermediate disturbance’
of falling trees, or the dispersal forced by
predators. Both processes should pre-
vent winner-take-all competition from
driving the losers from existence.

Only one current hypothesis invokes
the more fundamental idea of enhanced
speciation in the tropics, the so-called
refugial hypothesis of Jurgen Haffer.
This hypothesis seeks to explain disjunct
distributions of Amazon birds and but-
terflies by imagining a time of aridity in
the last ice age that should have divided
the Amazon forest, letting speciation
proceed in forest fragments as it does on
islands in the sea. On this thinking, a
speciation episode should happen with
every glacial cycle, as the forest was
first broken, then remerged, with the
changing of the rains.

Terborgh lists only two “faint” voices
that doubt the reality of this model, John
Endler’s and mine. Endler points out
the gross lack of parsimony, whereas [
base my whimpering on testing the pro-
posed history with palaeoecological data.
Initial results from the ice-age Ama-
zon suggest cooling, with concentration
of the forest in the supposedly arid
lowlands.

Terborgh develops a new insight from
the discussion, at once novel and appeal-
ing. Vicariance events (that is separation
into ‘other’ isolated populations before

remerging) need to be of the order of
100,000 years long for critical genetic
changes to take place. Ice-age cycles are
of this order. The pacemaker of ice ages
is perturbation of the Earth’s orbit and
tilt, an effect known to palaeoclimatol-
ogists as Milankovitch climatic change.
Terborgh suggests the tantalizing possi-
bility that most speciation since the dawn
of life has been driven by Milankovitch-
induced vicariance cycles. Fine though
the idea is, a sceptic would contend that
Milankovitch climatic change, outside
glacial cycles, is too subtle for the
requirements of vicariance.

This book is the most accessible, and
best, review of the properties and in-
trigue of rainforests. Tales are told about
Terborgh and his prowess as an Amazo-
nian biologist. He writes with the pas-
sion of unexcelled knowledge about the
wonders and possibilities of rainforests.
His prognosis for their future in a world
beset by excess human reproduction is
sober — essentially, he believes that the
forests cannot survive without cultural
changes in human societies, changes that
will take too long. In the name of
whatever gods may be, give us money
and people to catalogue and question in
the last decades before the forest is all
gone. 0O

Paul Colinvaux is at the Smithsonian Tropical
Research Institute, PO Box 2072, Balboa,
Panama.
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SOME 35 years ago, several dozen queen
honey bees from Africa were imported
into Brazil for cross-breeding with other
honey bees already there, with the aim
of producing a bee well suited to tropical
conditions. Shortly after its introduction,
some of the African stock escaped and
became established as a feral population
in central Brazil. From here, the popula-
tion spread roughly 500 kilometres a
year, colonizing most of tropical and
subtropical America and displacing other
subspecies of the honey bee, previously
imported from Europe. At present, the
colonizing front of the Africanized bee is
within the state of Texas, and over the
next several years it is expected to
spread throughout the southern third of
the United States, stopping only when it
reaches regions with harsh winters.
Long before the Africanized bee
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reached North America, it had been
nicknamed ‘the killer bee’, with journa-
listic reports, books and films produced
in the United States all focusing on lurid
tales of death by stinging, and causing
considerable alarm. Now that the bee is
in the United States and there to stay, it
is time for more responsible journalism.
In Killer Bees, Mark Winston encour-
ages the spread of sound information
about the Africanized bee by providing a
concise, factual introduction to its biolo-
gy. This book is not intended to serve as
a detailed scholarly review for specialists
(for this, one should consult two recent
books: Africanized Honey Bees and Bee
Mites, Ellis Horwood, 1988 and The
“African” Honey Bee, Westview Press,
1991, the former by Glen Needham et
al., the latter by Marla Spivak et al.);
rather, it is aimed at general readers
such as local government officials and
the public, and the commercial beekeep-
ers who will deal daily with the bee.
The book consists of two parts. In part
one, “Biology and Habits”, Winston
draws on his years of first-hand experi-
ence with Africanized bees in French
Guiana, Venezuela and Peru to describe
these insects’ traits and to explain their
adaptiveness for tropical life. The reader
learns, for example, that the feistiness of
this bee has its roots in millions of years
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of intense predation in Africa by such
adversaries as ants, honey badgers and
especially humans. Hence, ultimately,
the problem of the Africanized bee is
one of our own making. More impor-
tantly, Winston explains that the princip-
al problem that beekeepers will face is
the bee’s tendency to swarm (that is, to
undergo colony fission for reproduc-
tion), to build small colonies and to store
only a little honey. Beekeeping in North
America currently relies on bees of
European origin, which were shaped by
natural selection to swarm infrequently
and to form large colonies with large
honey stores, thereby enabling them to
survive cold winters. By contrast, the
traits of Africanized bees are superior
where there is no hurdle of winter sur-
vival, but where there is a premium on
rapid reproduction to exploit new or
under-used habitats.

In part two, “Impact and Control”,
Winston reviews the consequences of the
Africanized bees’ traits for the general
public, but especially for beekeepers.
Here he draws upon his experience with
the beekeeping industry of Canada. This
part is likely to be controversial, for
Winston foresees the Africanized bee
having “a devastating effect on our
beekeeping systems”. He points out that
some 40 per cent of the 3 million honey-
bee colonies in the United States are
moved each spring from the southern to
the northern states, in accordance with
the timing of different crops that need
pollination or offer honey production,
and that such large-scale bee movement
would spread the Africanized bee
beyond its natural range within the
southern states. To reduce the impact of
Africanized bees in the United States.
He recommends prohibiting migratory
beekeeping between areas with and
without the Africanized bee. Also, given
the difficulty of managing colonies of the
feisty and swarm-prone Africanized bee,
Winston recommends mandatory annual
requeening of all beekeepers’ colonies in
Africanized zones, using certified queens
of European descent. This would require
shifting the production of queen bees
from its current setting, in the southern
states and California, to parts of the
world without Africanized bees —
Europe, the northern United States, and
islands such as Hawaii.

People working within some parts of
the US beeckeeping industry may be
irritated by recommendations like these.
Nevertheless, as a unified account of the
biology and impact of the Africanized
bee, the book must be reckoned with by
anyone involved with the immigration
of this insect into the United States. O

Thomas D. Seeley is in the Section of
Neurobiology and Behavior, Cornell Univer-
sity, Ithaca, New York 14853, USA.
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