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Not With a Whimper but a Bz

Doomsday may be heai'; the villains include green scum, gray goo and St.

THE WORLD
'S
' BACK
world
ce of
e. A
an,

percent. It is nowhere near 10 percent.
Ronald Lee, a demographer and econo-
mist at the University of California,
Berkeley, says the accumulative popu-
lation is projected to be 110 billion in the
year 2000, with 6 billion of them, or 5.45
percent, still living. Now, the first two
humans were 100 percent of the total.
Even a few generations later, more than

50 percent must have been alive. So that

5.45 percent looks pretty good. But why
does this matter? Mr. Leslie says it is
more logical to assume we are in the
very last 10 percent of humans rather

‘than, say, in the first 0.01 percent;

therefore, statistically, we are doomed.
It’s possible that much of “The End
of the World” is tongue in cheek. Mr.
Leslie’s prose, untranslated from the
original Canadian, is sometimes as hard
to decipher as his math. There are end-
less exercises in logic. Which is not to
say that “The End of the World” isn’t a

fun read. But Mr. Leslie never really .

tells us where he's coming from, though

resolution to our story. We're not Hin
dus, with eight-billion-year recurrins
cycles. We like our universe built in se

“en days, and we expect apocalyps”
_ demand. ;

A less expansive but more or
book is “Why Things Bite Baclk
point made by Edward Tenner.
an with a Hopi attitude, is nr
that the world is going to -~
technology simply allows '
our own koyaanisqatsi fe-
threatened not with ce
with subtle reciprocal ef,
calls “revenge effects.”
when X-rays were intr
1890’s, they became a s¢
ple with foreign objects
bodies, even those who -
from them, now asked :
tracted — a procedure -
had fatal complications.” .
gists herald the use of che
sants to break up oil sp”
are saved, but the pet-
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2.3-Million-Year-Old Jaw
Extends Human Family

By JOHN NOBLE WILFORD

P
An upper jaw found in the Ha-
dar badlands of northern Ethio-
pia is being hailed as the most
convincing and earliest definitive-
ly dated fossil of the genus Homo,
to which living humans belong.
The 2.33-million-year-old jaw
extends the established age of the
human family line by 400,000
years, closer to the time of the

W. Kimbel/Institute of Human Origins,
Jaw from Hadar, Ethiopia.

A New Clue
in Human Evolution

AUSTRALQ
PITHEC

1 _——— a FErectus

MILLION )
YEARS ~ Habilis
AGO .

Boisei Robustus

Rudolfensis I

MILLION !

AGO “Lycy” -
Afarensis

 p— Anamensis —

MILLION Y

T AGO 'Source: Institute of Human Origins/
The Journal of Human Evolution

The New York Times

first evidence of toolmaking and
to environmental upheavals that

. may have been decisive in human

evolution, The fossil was found in
sediments with a scattering of
crude stone tools, the earliest as-
gsociation between Homo remains
and such artifacts.

Of greatest potential impor-

tance, paleontologists said, is the
rare glimpse the discovery pro-
vides into what has been a kind of

dark age of evolutionary change,

the period between three million
and two million years ago. Scien-
tists are all but certain that some-
time in that epoch the genus
Homo evolved from the more ape-
like australopithecines, yet the
fossil record in Africa for that
period has been frustratingly
spotty. ¢

The new discovery was an-
nounced yesterday by a team of
American, Canadian, Ethiopian
and Israeli scientists. A detailed
description and interpretation of
the fossil is being published in the
December issue of The Journal of
Human Evolution.

Until a skull and other bones
are found, however, the scientists
said they would not be able to
determine the relationship of
their find to any of the known
Homo species, all of which are
dated at 1.9 million years ago and

later, or whether it is a previously

unknown species representing a
transitional step. In that case, it
might even be a more direct an-
cestral line leading to modern hu-
mans. .

In any case, the well-preserved
jaw, the researahers write in the

journal article, represents “the

oldest association of hominid re-

mains with stone tools and possi- .

bly the earliest well-dated occur-
rence of the genus Homo."” This,
they concluded, “‘promises to add
new insights on hominid paleobi-
ology and behavior in this poorly
understood time peried.”

_ The leaders of the team are Dr.

Continued on Page C5, Column 1




Retracing ootste

European poptitatio

Origin: 40 mom . o
to 50,000 veare 2o~
years ago

‘From analyzing DNA.
of peoples throughout
the world, geneticists
‘can estimate the size
and founding dates of
“ancient populations.

African
populations
Origin: 130,000 t
170,000 years ag
Population: 23,0
to 450,000

Immigration
from Africa

00 to 500 or more -
individuals

Australo-Melanesian population.
Origin: 40,000 to 60,000 years ago

"The New York Times
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Estimates of Past Human
Population Sizes (Millions)

Durand
McEvedy 1977 United
year Deevey andJones ____— Clark Biraben Blaxter Nations Kremer
(—means b.C.) 1960 1978 low high 1977 1979 1986¢  1992a 19934
—1,000,000 0.125 — —_ —_ — —_ —_— 0.125
—300,000 1 — — — — — —_ — 1
-25,000 3.34 — — - — — — 1M
- 10,000 - 4.00 —_ — — — — —_ 4.00
—B8000 5.32 — —_— — — — — — —
-5000 - 5.0 — - — — 40 — 5.0
—4000 B86.5 7 —_ — — — — — 7
—3000 - 14 _— — — — —_ 14
=2000 —_ 27 — — — —_ 70° —_ 27
—1000 —_ 50 —_ —_ —_ — 1004 — 50
—500 —_ 100 —_ — — —_ —_— — 100
=400 —_— — -_ —_ — 153 162 —_
-200 — 150 — _ —_ 225 231 — 150
| 133 170 270 330 256* 252 255 — 170
200 -_— 190 — —_ _ 257 256 190
400 o 190 — —_ 254/ 206 206 — 190
500 —_ 190 — —_ —_ 207 —_ — —_
600 —_ 200 — — 237 208 206 200
700 —_ 210 —_ - — 206 207 —_ =
800 —_ 220 - 261 224 224 — 220
S00 —_ 240 — — — 222 226 — —
1000 —_ 265 275 345 280 253 254 —_ 265
1100 —_ 320 —_ —_ —_ 299 301 — 320
1200 360 —_ — 384 400 400 —_ 360
1250 — - - - — 417 — -
1300 360 - = — 431 432 — 360
1340 —_ — — 378 442 —_ - =
1400 — 350 — —_ o 375 374 — 350
1500 —_ 425 440 540 427 461 460 — 425
1600 —_ 545 — — 498 578 579 — 545
1650 545 545 — — 516 —_ — — 545
1700 — 610 —_ — 641 680 679 — 610
1750 728 720 735 805 731 m 770 — 720
1800 906 900 — — 890 954 954 — 900
1850 —_ 1,200 — — L1900 1,241 1,241 1,200
1875 —_ 1,325 - - —_ —_ —_ — 1,35
1900 1,610 1,625 1,650 1,710 1,668 1,634 1,633 — 1,65
1920 — - —_ = — — - — 1,813
1925 — 2,000 = mm, am = — = -
1930 - — — e = = — — 1,987
1940 s = = = e — — — 2213
1950 2,400 2,500 - = — 2530 2513 2,516 2516
McEvedy D;;;;d United
year Deevey andjJones _— Clark Biraben Blaxter Nations Kremer
(—means B.C.) 1960 1978 low high 1977 1979 1986¢ 19922 1993*
1955 — = - - - - — 2752 -
1960 — - - = - — 3020 3,009
1965 — — —_— — — _— —_ 3,336 —_
1970 = — - — 3,637 — 3,698 3,693
1975 — 3,900 3,950 4,050 —_ ~— — 4,079 —_
1980 — - - - — 4415 4,448 4,450
1985 — = A = — — —_ 4,851 —
1990 — - - = = — 5292 533

“Blaxter's estimate “derives fram” those of Biraben (1979) and the United Nations (Blaxter 1986, p. 12), but minor

differences from Biraben's figures are not explained.

FKremer's estimate is based on Deevey (1960) up to — 25,000, on McEvedy and Jones (1978) from = 10,000 to 1900

and on various sources after 1500, )
*Blaxter's (1986, p. 13) estimate for 1600 B.c. is shown on the line for 2000 b.c.

- 4Blaxter’s (1986, p. 13) estimate for 800 B.c. is shown on the lin¢ for 1000 8.c.
*Clark's (1977, p. 64) estimate for A.D. 14 is shown on the line for A.D. 1.
IClark’s (1977, p. 64) estimate for A.p. 350 is shown on the line for A.p. 400.

Sounces: Deevey (1960); McEvedy and Jones (1978); Durand (1977); Clark (1977); Biraben (1979); Blaxter (1986);

United Nations (1992a); Kremer (1993)
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FIGURE 5.3 Estimated human population from A.p. 1 to the present. Different
symbols represent estimates from different sources. SOURCE OF DATA: Appendix 2
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doubling time (years)

date in the  population

name of evolution  middle (billions) before after
local agricultural 8000 s.c. 0.005 40,000-300,000 1,400-3,000
@lobal agricultural,  A.D. 1750 0.75 750~1,800 100-130
public health | 1950 2.5 87 36
fertility H 1970 37 34 (peak) more than 40 (since 1990)
Il
\4

‘ %\”/VO o C WFO\J‘* Gj AL N’Wl& 1/1’0‘10 5

.
TaBLe 3.1 Calories of Old World
and New World crops compared
million kilocalories million kilocalories
American crops per hectare Old World crops per hectare

maize b3 rice dd
potato o wheat 4.2
manioc 29 barley 5.1
oat 9.8

Source: Crosby (1972, p. 175), using Food and Agricultural Organization statistics for average soil and
weather conditions.
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All causes : I

of mortality |
#—9 Men |
i i i
e—e \Women

:
H
:
:
3
i
!
g

Pa:iras‘@tic hnd
infectious
di§ea$e

ek
(

Sex differences in human mortality. The overall mortality rate in males is
higher than that in females from puberty onward (top left). The other three
graphs show sex differences in mortality rate due to homicide, accidental
death, and parasitic and infectious diseases. For all three causes, mortality rate
is higher in men than in women, but the timing of the onset of male-biased
“mortality varies across causes. For death through homicide and accidental
causes (top right, bottom left), the increase in male-biased mortality begins
immediately after puberty. For death caused by. parasitic and infectious dis- |
eases (bottom right), the sex difference in mortality rate becomes apparent
much later. [Data for 1997 USA population from (7) (www.who.int/whois)]
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Births per woman

. | . Trends in total fertility rate.
(1950-1995)

°r | ~— South Korea
— Hong Kong

S5r — North £.merica
— Europe

i L |

3 |

2r <

| 1 . L

0 L—t
1950 1960 1970 1980 1990
' Year

2000
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Going Down

Places in 1995 where the fertility Eﬁm _the average number of children born per éoBm:
— was.equal to or less than the _‘ou_mom:,_ma level (2.1 children per éoBm:v _u_momm that
have joined the list since 1975 are shown in Uo_a type.

1995 fertility rate

ltaly Russia Czech : Poland
e “Republic 168, e
B iongary, B9 S i
Hong Kong ) France . 170 Yugoslavia
..................... Barbados | Pl
....................... Canada ,_wwr..mq.q._.m.m.....,.:
e e Sonmaik s G e
B Tithuania 1478 s st
. Bosniaand Latvia Britain ° 478 . Martinique
_Herzegovina South Korea ‘Singapore  1.79 United States
Romania. Croatia iieh.- Finland - 183 Malta =
Portugal - Luxembourg . 166 Slovakia ' 185 Macedonia
Swizeriand B3 | Belarua ey Norway TES Goorgia
Source: United Nations | ‘ , o =y




Children per woman

childbearing trends in major world regions
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Not Malthus

Percentage of world popuiation living in countries with
a ferlility rate at or below replacement level.

1975
Total world population 4.08 bhillion

85 bhillion

1997
Total world population 5

Total world population 7.29 billlen

2015

Source: United Nations

The New York Times
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~ STATUS REPORT |
The Population Explosijon Slows Down

A new United Nations study has found that the world’s Population is @65\_1@ 306.
slowly than was expected. This suggests that the worid’s Population, now 5.77 billion,
will stabilize just after the year 2200 at 10.73 billion. Shown is the world population from -

1800 to stabilization based on United Nations projections, in billions. :

2 | S— BILLION, 1804

10 it NW-.—._AVZ.H.@NN

-~ 3 BILLION, 1960 ——
4 BILLION, 1974

e ——
——— e

B el T

-I_--—q.—.n..__--—-

i
Fegeenes
)

5

1800 1825 1850 1875 1900 Awmm, 1950, 1975 2000 2025 2050 2075 2100 2125 21

Source: United Nations \0 2

— 6 BILLION, 1999
NW—FF-OZ.Ncun

The New York Times
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By YOUSSEF M. IBRAHIM

| UNITED NATIONS, Oct. 27 —
AIDS,is cutting the life expectancy in
inany, African countries and, will ef-
ectively reduce their populatlons
within the next 10 to 15 Years, accord-
Ing to a report to be- released on
Wednesday by the population divi-
§ sion of the United Nations.
The report, part of a world popula-
tion survey for 1998, says AIDS has
§ achieved pandemic proportions in
several of 34 sub-Saharan countries,
where at least one in four people is
infected with H.L.V., the virus that
causes AIDS.
~ In Botswana, the hardest hlt coun-

try in sub-Saharan Africa, life expec-
tangy, which stood at 61 years only
five years ago, has dropped to 47 and
is expected to drop to 41.between
2000 and 2005.
. InZimbabwe, where one of every
flve\aQults is infected, the high mor-
tality- rate is significantly reducing
the country’s population and its
growtlr, from 3.3 percent a year be-
tween~1980 and 1985 to 1.4 percent
' now- and 'a projection of less than 1
percent beginning in 2000. Had it not
been for the virus, Zimbabwe’s popu-
lation:would have been growing at a
projected rate of 2.4 percent now.
“‘Of ,the 30 million persons in the
world currently infected by H.L.V., 26
millior, or 86 percent, reside in these
34 countries. In addition, 91 percent
- of all AIDS deaths in the world have
occurred in these 34 countries,” the
report said.

| AIDS Is Slashing Population
% f Africa, U.N. Survey Finds

rica, experts salcl it is changmg the
demographic profile of the continent,
the daily rhythm of life, and the
outlook for tens of millions of people.

Experts also stress that AIDS is
making its way through large coun-
tries like India, China and Brazil,
where the huge populations result in
a faster spread of disease. ’

Most affected are people between
10 and 24 years old. Of the estimated
7,000 daily infections around the
world, half are occurring in this age
bracket, the report said.

Despite the enormity of the prob-
lems affecting Africa, attention
seems to have shifted from the dis-
ease, largely because it seems to
have been contained in the advanced
industrialized nations.

“I don’t think many people are
aware of the scale,”” said Lester
Brown, president of World Watch
Institute, a nonprofit environmental
organization in Washington D.C.
““This alters rather dramatically the
population trends in Africa. In some
countries, as much 20 to 25 percent of
the population is H.L.V. positive,”” he
said in a telephone interview today.

“In looking at global epidemics,”
he added, “one has to go back to the
16th century and the introduction of

smallpox in the Aztec population of

what is now Mexico to find anything
on that scale, and before that, to the
bubonic plague in Europe in the 14th
century, to see that kind of heavy
toll.”
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FIGURE 15.1 Estimates of the decrease in the rate of population growth as a func-
tion of the adult prevalence of HIV infection. Each set of initials summarizes a result
of one study, which is identified by the initials of jes authors. When a study consid-
ered a range of estimates, the extreme values of HIV prevalence and of reduction in
the growth rate are shown as the endpoints of a line segment. For example, the line
segment labeled “Bu” in the lower right corner identifies the estimates of a model
by Rodolfo A. Bulatao. Different authors defined adult prevalence in different ways;
some included one sex only and some included both. SOURCE: Zaba 1994
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pPOLICY FORUM: GLOBAL POPULATION GROWTH

Demographic Consequences of
Declining Fertility -

John Bongaarts

has swept the globe since the 1960s.

[n the developing countries of Asia,
Africa, and Latin America, contraceptive
use, once rare, is now widespread and the
average number of births per woman has
fallen by half, from the traditional six or
more to closer to three today. In the indus-
trialized world, fertility has already
dropped below two children per woman.
This unprecedented development has led
the United Nations (UN) to revise down-
ward its latest forecast of world popula-
tion. As a result, some fear a “population
implosion” or claim that the world popula-
tion explosion is over ({).

However, instead of being near the end
of an explosion at today’s population of
5.9 billion, we are in fact just past its mid-
point, according to the newly revised UN
projection (2). After a record-breaking in-
crease of 2 billion people over the past 25
years, an increase of another 2 billion is
projected to occur over the next 25 years
and a further expansion to 10.4 billion is
expected by 2100. Nearly all of this
growth will occur in the developing coun-
tries, in which four-fifths of the world’s
population lives. Despite the plummeting
fertility rates, large increases in the popu-
lations of Africa, Asia, and Latin America
are expected.

These population increasss are expect-
ed for three reasons. First, the average de-
cline from six to three births per woman
(bpw) still leaves fertility about 50%
above the two-child rate needed to bring
about population stabilization. With more
than two surviving children per woman,
every generation is larger than the preced-
ing one, and as long as that is the case,
population expansion continues.

Second, declines in mortality—histori-
cally the main cause of population
growth—will almost certainly continue.
Higher standards of living, better nutrition,
expanded health services, and greater in-
vestments in public health measures have
increased life expectancy by 50% since
1950, and afurther rise is likely. The un-
happy exceptions will be mostly in sub-

a revolution in reproductive behavior

The author is in the Policy Research Division, The
Population Council, New York, NY 10017, USA.
E-mail: Jbongaarts@Popcouncil.org

Saharan African countries with severe
AIDS epidemics. As more people live
longer, there will be more people alive.
The final and most important factor is
what demographers call “population me-
mentum.” This term refers to the tendency
of a population to keep growing even if
fertility could immediately be brought to
the replacement level of 2.1 bpw, with
constant mortality and zero migration. The
reason for this growth is a young popula-
tion age structure, which includes the his-
torically largest generation of women
about to enter the childbearing years.
These women will produce more than
enough births to maintain population

| Trends in total fertility rate.
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growth for decades, even if they each have
only two children. Further large increases
in the population of the developing world
are therefore virtually certain.

Europe, North America, and Japan
face a quite different demographic future.
In these countries, the key concerns are
aging and potential population decline,
because measured fertility has remained
below the replacement level since the
mid-1970s. Although populations in most
developed countries are still growing to-
day because of population momentum,
rising life expectancy, or immigration, re-
ductions in population numbers are likely
if fertility remains below replacement
levels. The UN expects this decline to be-
gin in Europe in 2000 and in Japan in
2005, whereas the populations of the
United States, Australia, and New Zea-
land are expected to grow until at least
2050. For the developed world as a whole,

population size is projected to rise slowly
until 2025 and then decline, leaving the
total in 2050 about the same as today. The
proportion of the population over age 65
is expected to rise to 25% in 2050, up
from 14% today. This trend will make it
increasingly difficult for pay-as-you-go
social security systems to meet their obli-
gations to retirees.

All UN projections are based on as-
sumptions about future trends in fertility,
mortality, and migration. The most cru-
cial of these assumptions is that over the
next few decades, fertility will move (up
or down) in both developed and develop-
ing countries to the replacement level of
2.1 bpw and will remain at that level after
2050. This simple assumption ensures ze-
ro population growth in the long run. Un-
fortunately, future population trajectories
are highly sensitive to small deviations
from replacement. For example, if future
fertility were to level off just half a birth
above replacement, world population in
2100 would reach 17.5 billion instead of
10.4 billion; conversely, fertility at half a
birth below replacement would lead to
population decline in the second half of
the next century to 5.6 billion in 2100
(3). This sensitivity increases the uncer-
tainty of long-range projections, but it is
good news for policy-makers: Even mod-
est efforts to change fertility can have a
substantial impact on future population
size.

The UN’s replacement assumption has
become increasingly controversial, howev-
er, because fertility has dropped below 2.1
bpw (sometimes by a substantial margin)
in virtually every industrialized country.
Europe’s fertility now stands at 1.5 bpw.
Similarly, rapidly developing southeast
Asian countries have experienced steep
declines in birth rates since 1960, leaving
fertility today at 1.7 in South Korea and at
1.3 in Hong Kong (see figure at left) A re-
view of this evidence led an Expert Group
Meeting, convened by the UN in Novem-
ber 1997, to accept a proposal that the UN
abandon the replacement assumption, at
least for countries that are now below re-
placement (4). This change, which will be
implemented in the forthcoming 1998 pro-
jections, should lead to a downward revi-
sion of projections in a number of coun-
tries. The effects on future world popula-
tion totals are likely to be fairly small, be-
cause the adjustments are modest and they
do not apply to the large majority of devel-
oping countries. _

These adjustments are clearly warrant-
ed, but the issue may remain controver-
sial, because in many cases the new fu-
ture fertility assumptions exceed the cur-
rent level of fertility. This implies that
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fertility is assumed to rise between 2000
and 2050 in many industrialized coun-
tries. The UN does not provide a detailed
justification for this projected fertility
trajectory, but there are good reasons to
believe that it is reasonable, A key factor

ScIENCE'S COMPASS

These distortions can reach as high as 0.4
births per woman, but they are temporary
because they exist only while the age at
childbearing is rising (6). Once women
stop deferring births, the distortion disap-
pears and the very low fertility rates ob-

served in the developed world

{ca. 1989)

Belgium
Denmark
France
Germany
Greece
Ireland

Italy
Luxembourg
Netherlands
Portugal
Spain

UK

Observed and total fertility rate
and desired family size
in selected European countries

==== Observed fortility
=== Dasired family size

should rise closer to the two chil-
dren most couples want. This has
already happened in the United
States, where fertility rose from
1.77 to 2.08 births per woman
between 1975 and 1990 as birth
deferment stopped. It is there-
fore plausible to assume that fer-
tility in Europe will not decline
further and might even turn up-
ward soon. However, it is
unlikely that fertility will
rise all the way to the re-
placement level even in
countries where couples
continue to want two chil-

0.0 1.0 2.0
Births per woman

putting upward pressure on fertility is
that the average desired family size is

dren, because various con-
straints (such as divorce, the
desire to remain employed,
the rising costs of children, and in-
voluntary childlessness) prevent

3.0

% 'Afrlca
- Asia* ;
L_atm Amrerri;ar

little useful experience to draw on in as-
sessing the potential effectiveness of vari-
ous options. In the rare instances where
new measures to raise fertility were suc-
cessfully implemented (such as in Swe-
den in the late 1980s), it is difficult to
disentangle the roles of the specific com-
ponents in a package of measures. The re-
luctance of most governments to pursue
explicit pronatalist policies is due to a
range of factors. These include the awk-
wardness of promoting domestic prona-
talism while subsidizing fertility reduc-
tion in the developing world and a reluc-
tance on the part of governments to inter-
fere in the personal matter of reproduc-
tive choice. In addition, implementation

= POPULATION ESTIMATES (1995)
AND PROJECTIONS TO 2050 BY REGION
Population (bllllons) :

to a level somewhat below replace-

close to two children, according to sur-  some couples from reaching their de- ~ :North America - 030 = =-037 0.
! veys in Europe and the United States sired family size. The most plausible Developmg world - 452 682 8.20
| (typically, couples want one boy and one  outcome is the pattern now assumed Developed wortd AT 22 5 e
% girl). This finding implies a puzzling dis- by the UN: a modest rise in fertility - - World 569;':"-""5.6:1"‘_"jmél.éf

| crepancy between expressed preferences
mcludes Oceanla

o and the observed rate of childbearing.

This difference in a number of European
countries is around 0.5 births per woman
(sec figure above). It is of course possible
that fertility preferences will decline in
the future, but they have changed little
since the 1970s and they could well re-
main close to current levels.

Why do fertility preferences exceed
measured fertility in most low-fertility so-
cieties today? One of the most important
causes of this discrepancy is the fact that
the most widely reported measure of annu-
al fertility (the so-called total fertility rate)
often does not accurately reflect the actual
childbearing experiences of women. For
example, in France, women who have
reached the end of their childbearing years
report having 2.1 births on average, which
is close to their preferred number, but the
annual total fertility rate has been well be-
low replacement since the mid-1970s (5).
Similar discrepancies exist in many other
developed countries. The downward dis-
tortion in the total fertility rate is caused
by women’s decisions to postpone child-
bearing, which has led to a rise of several
years in the mean age at childbearing since
1970. These delays are temporarily con-
tributing to today’s baby bust, just as
younger childbearing ages in the 1950s
temporarily contributed to a baby boom.

ment. If this happens, large popula-
tion declines will be unlikely.

The policy implications of current
trends in reproductive behavior differ
sharply between regions. In the already
crowded developing world, the addition of
several billion more people will hamper
ongoing efforts to reduce poverty and
achieve sustainable development. Concern
over these adverse consequences has pro-
vided the principal rationale for past in-
vestments in voluntary family planning
and reproductive health programs that help
couples avoid unwanted childbearing, This
vital effort should be strengthened and ex-
panded to include social investments in
young people. For example, raising educa-
tion levels of girls reduces fertility and
offsets momentum by delaying the onset
of childbearing, in addition to having
many direct benefits for the quality of in-
dividual lives (7).

In the developed world, the potential
adverse consequences of prolonged be-
low-replacement fertility have led to ex-
tensive discussions but little action. Nu-
merous policy options have been pro-
posed to encourage childbearing: free or
subsidized childcare, reduced taxes for
families with children, paid parental
leaves, subsidized housing for young cou-
ples, and so on (8). There is unfortunately

of effective intervention is expensive, and
there is a lack of a feeling of urgency
about the problem, especially considering
the benefits to the global environment of
fewer rich consumers of natural re-
sources. It is quite possible, however, that
the population declines expected to be-
come more widespread after 2000 in the
developed world will lead to greater con-
cern about their negative consequences
and hence to more vigorous action.
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disease is manifest in these animals (3).
Crossing mice lacking follicular dendritic
cells or germinal centers (or those lacking
chemokine/chemokine receptor combina-
tions) with the autoimmune-prone
MRL.Fas'™ mice should help to elucidate
the relative contributions of autoantigens,
chemokines, and their receptors, and anti-
apopotic versus proapoptotic signals in the
generation of autoreactive B lymphocytes.

The study by William et al. (5) opens a
new vista upon autoimmunity. Their work
demonstrates that somatic hypermutation

PERSPECTIVES: ECOLOGY AND EVOLUTIONM

SCIENCE's COMPASS

of autoimmune antibodies occurs outside
of germinal centers in the autoimmunity-
prone MRL.Fas'™ mice. In the absence of
the germinal center “checking” mecha-
nism, there is rapid accumulation of high-
affinity autoreactive B cells in the T cell
zone of lymphoid tissues. The challenge
now is to determine how migration to B
cell follicles and the formation of germinal
centers is prevented in the MRL.Fas®*
mice and whether this is a general phe-
nomenon that will be applicable to other
autoantibodies and autoantigens.
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Sex Differences
in Mortality Rate

lan P. F.Owens

such male-male competition can prove
costly in terms of survival. Likewise,
comparative studies demonstrate that the
species with the greatest male bias in
mortality tend to be those species in
which male-male competition is the
fiercest (3).

Moore and Wilson (2)
now demonstrate that risky

e T I T T P

2008

ior hypothesis: The rise in ac-
cidental and violent death
among men coincides precise-
ly with the onset of puberty
(see the first figure). On page
2015 of this issue, Moore and
Wilson (2) propose that male-
biased mortality may be
caused in part by a greater
susceptibility of males to in-
fection by parasites, which in
turn may be the result of male-male com-
petition to secure mates and territory.

The author is in the Department of Biological Sci-
ences and NERC Centre for Population Biology, Im-
perial College London, Silwood Park, Ascot, Berkshire
SL5 7PY, UK. E-mail: i.owens@ic.ac.uk

Traditionally, male-biased mortality
among nonhuman mammals has also
been explained in terms of more risky
behaviors by males compared with fe-
males. Empirical studies of species in
which males fight one another for access
to females have shown repeatedly that

Sex differences in human mortality. The overall mortality rate in males is
higher than that in females from puberty onward (top left). The other three
* graphs show sex differences in mortality rate due to homicide, accidental
death, and parasitic and infectious diseases. For all three causes, mortality rate
is higher in men than in women, but the timing of the onset of male-biased
mortality varies across causes. For death through homicide and accidental
causes (top right, bottom left), the increase in male-biased mortality begins
immediately after puberty. For death caused by parasitic and infectious dis-
eases (bottom right), the sex difference in mortality rate becomes apparent
much later. [Data for 1997 USA population from (7) (www.who.int/whois}]

are more susceptible to para-
sitic diseases.

Human demographic da-
ta support the idea that para-
sites are an important deter-
minant of male-biased mor-
tality. Although sex differ-
ences in suicide and homi-
cide grab the headlines,
males are also more prone to
a range of parasitic and infectious diseases
(1). In the United States, United King-
dom, and Japan, men are approximately
twice as vulnerable as women to parasite-

induced death. In Kazakhstan and Azer-  :

baijan, where the overall incidence of par-
asite-induced death is much higher, men
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Fight hard, die young. Male-biased mortality is well
established in mammalian species. Male savannah ba-
boons have a much higher mortality rate than females
and also are much more susceptible to parasitic dis-
eases. The susceptibility of males to parasitism may
reflect their greater size or male-male competition for
mates and territory (70).

are more than four times as vulnerable to
parasite-induced death, Furthermore, the
increase in male-biased mortality is not
simply associated with puberty, but typi-
cally occurs later in life (see the second
figure). Together with Moore and Wil-
son’s study of nonhuman mammals, these
data suggest that differences between
males and females in “immunocompe-
tence”—an organism’s all-round ability
to avoid the harmful effects of para-
sites—may underlie the increase in male-
biased mortality.

The classic explanation for low im-
munocompetence in male mammals is that
masculinization depends on testosterone,
an immunosuppressant (4). Long-term
comparisons between castrated and “in-
tact” men show that the former outlive the
latter by up to 15 years. The life-prolong-
ing effects of castration are proportional to
the age at which the operation was per-
formed (5). Moreover, because these com-
parisons have typically been based on in-
stitutionalized populations, the elevated
rate of mortality among intact males is
usually due to infectious diseases rather
than violence or accidents.

The exact mechanisims by which testos-
terone causes immunosuppression are still
under investigation. One possibility is that
testosterone alters the way in which males
allocate resources among competing
needs. Males may be unable to mount an
effective immune response because they
face a trade-off between allocating re-
sources to fending off disease and allocat-
ing resources to other activities. The most
obvious resource is energy itself and, giv-
en the huge number of cells involved in
immune defense, it is plausible that a pro-
longed response would be energetically
costly. However, there could be trade-offs
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with respect to other scarce nutri-
ents, such as carotenoids, which are
important not only in many basic
metabolic pathways but also for ef-
fective operation of the immune
system (6). Alternatively, trade-offs
may occur indirectly—for example,
intense metabolic activity could
lead to immune system damage
caused by the release of free radicals
(7). It has even been suggested that
the reduced immunocompetence of
males may be an adaptive response,
which minimizes the risk that the
male immune system will produce
autoantibodies, as happens during
autoimmunity (8). The relative like-
lihood of these different mecha-
nisms has not yet been established.
It is worth remembering that the
sex differences in susceptibility to
parasitism may not reflect “male-
ness” per se. Indeed, Moore and Wilson
(2) show that, in species where females
are larger than males, it is the females that
suffer the greater burden of parasitism. In
other words, males are not special, they
just tend to be big. This counterintuitive
result highlights one of the great difficul-
ties in interpreting results based on the in-
cidence of parasitism: Variations between
individuals may be due to differences in
exposure to parasites rather than differ-

ences in resistance to parasites. Thus, in
the context of sex differences in para-
sitism among mammals, males may sim-
ply offer a bigger “target” to parasites be-
cause they are big and eat a lot. Again,
some human studies support this view, with
one showing that women were more vulner-
able to some nematode infections simply
because they did most of the washing and
thereby were more frequently exposed to
the infective stage of the parasite (9).

The next step is to discover more about
the precise physiological mechanisms that
lead to the unusually high susceptibility of
large mammals to parasitic diseases. Is
this susceptibility due to a shortage of en-
ergy or a scarcity of nutrients, or is it sim-
ply because of a greater exposure to the
parasites?

References
1. World Health Organization World Health Statistics
Annual (2001).
2. S.L.Moore, K. Wilson Science 297, 2015 (2002).
3. D. E. L. Promislow Proc. R. Soc. London Ser. B 247,
203 (1990).
4. M. Zuk, K.A. McKean Int. J. Parasitol. 26, 1009 (1996).
S. J. B. Hamilton, G. E. Mestler, J. Gerontol. 24, 395
(1989).
6. V.Olson, |. P.F. Owens, Trends Ecol Evol. 13,510 (1998).
7. T.von Schantz et al, Proc. R. Soc. London Ser. B 266,
1(1999).
8. L. Raberg et al, Proc. R. Soc. London Ser. B 265, 1637
(1998).
9, D.A.P.Bundy Parasitol. Today 4, 186 (1988).
10. A. M. Bronikowski et al, Proc. Natl. Acad. Sci. U.S.A.
99,9591 (2002).

PERSPECTIVES: ECOLOGY

Quaternary Refugia and
Persistence of Biodiversity

Pierre Taberlet and Rachid Cheddadi

daunting challenge for human soci-

eties. Ideally conservation policies
should be based on sound scientific da-
ta, including an understanding of the
mechanisms
that sustain bio-
diversity over

Preserving biodiversity represents a

' content/full/297/5589/2009 Jong periods of

time. On page
2044 of this issue, Tzedakis et al. illus-
trate the importance of southern refugia
for the persistence of some temperate
tree species during the last glacial-inter-
glacial cycles (/).
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The Milankovitch theory of climates,
relates the glacial-interglacial cycles to
changes in Earth’s orbital parameters dur-
ing the Quaternary period (the last two
million years). These long-term parame-
ters are orbital eccentricity, obliquity, and
precession, with periods of 100,000,
41,000, and 19,000 to 23,000 years, re-
spectively (2). Superimposed on the long
climatic cycles are short and abrupt cli-
mate changes caused by the complex rela-
tionships between solar energy, vegeta-
tion, and the oceans. For example, in the
North Atlantic Ocean, cold climatic cycles
of about 10,000 to 15,000 years duration
correspond to shifts in the ocean-atmo-
sphere temperature (3). These short cycles
culminate in huge discharges of icebergs
into the North Atlantic Ocean (Heinrich
events) (4) that are followed by an abrupt
shift to a warm climate. Both the long-
term and the short-term climatic varia-
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