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Fruit Fly Aging and Mortality 

Two reports, "Slowing of mortality rates at 
older ages in large medfly cohorts" by James 
R. Carey et al. and "Demography of geno- 
types: Failure of the limited life-span para- 
digm in Drosophila melanoguster" by James 
W. Curtsinger et al. (16 Oct., pp. 457 and 
461, respectively), discuss a phenomenon 
that was theoretically predicted long ago 
[see (1) for historical details] to be an 
inevitable feature of all stochastic models 
that consider aging as a progressive accu- 
mulation of random damage. We recently 
published the detailed mathematical proof 
of this prediction (1, pp. 246-276). In 
short, if destruction of an organism occurs 
not in one but in two or more sequential 
random stages, this is sufficient for the 
phenomenon of aging (mortality increase) 
to appear and then to vanish at older ages. 
Each stage of destruction corresponds to 
one of the organism's vitally important 
structures being damaged. In the simplest 
organisms with unique, crltical structures, 
this damage usually leads to their deaths. 
This is why defects in such organisms do 
not accumulate and why the organisms 
themselves do not age. In more complexly 
structured organisms, where there art 
many vital structures with significant re- 
dundancy, every occurrence of damage 
does not lead to death. Defects do accu- 
mulate, however, giving rise to the phe- 
nomenon of aging (mortality increase). 
Thus, aging is a direct consequence of the 
increased reliability and life-span of orga- 
nisms, which in turn result from the re- 
dundancy of vital structures. As defects 
accumulate, the redundancy in the num- 
ber of key elements finally disappears. As a 
result, the organism degenerates into a 
system with no redundancy, that is, a 
svstem with elements connected in series. 
with the result being that any new defect 
leads to death. In such a state. no  further 
accumulation of damage can be achieved, 
and the mortality rate levels off. 

These explanations were published in 
our book (I), which was quoted in the 
reports by Carey et al. and by Curtsinger et 
al. in such a way as to possibly leave readers 
with the misim~ression that the book is 
about limits to the life-span. 

Leonid A. Gavrilov 
Natalia S. Gavriloua 

A. N. Bebzersky Institute, 
Moscow State University, 
Moscow 1 19899, Russia 
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The reports by Carey et al. and by Curt- 
singer et al. represent a substantive contri- 
bution to the study of aging. The premise 
is simple-mortality rates at extreme old 
ages have not been reliably estimated be- 
cause survival to extreme old age has 
always been a rare event. The solution was 
to place a huge cohort of a single species in 
a controlled environment and observe 
when they died. 

These studies revealed non-Gompertz- 
ian mortality at older ages for fruit flies, 
thus indicating that programmed death 
does not exist. Programmed death is not 
consistent with evolutionary arguments 
about senescence (I). Current theories of 
senescence, based on principles of evolu- 
tionary biology, hypothesize that senes- 
cence occurs because the force of natural 
selection declines with age. Consequently, 
the maintenance and repair mechanisms 
necessary to ensure reproductive success 
early in life decline once reproduction be- 
gins. So, although we are not genetically 
programmed to die, neither are we pro- 
grammed to survive much beyond the ages 
required to ensure reproductive success. 

The Gompertz distribution is an empirical 
mathematical construct that describes mortal- 
ity patterns for a genetically heterogeneous 
population. Once heterogeneity is reduced 
through differential mortality, a difTerent 
mathematical function should apply to the 
surviving subgroup of Methuselahs. Carey's 
population of medflies was of sufficient size to 
reveal the heterogeneity not easily quantified 
in smaller study populations. 
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It is clear that humans will never acquire 
the mortality schedule of fruit flies. So, 
what do these findings imply for humans? 
One obvious hypothesis is that, as the size 
of the human population increases, the tail 
end of the survival distribution will be 
extended and the number of robust older 
people will increase. The demographic mo- 
mentum for population growth will inevita- 
bly double or triple the size of the human 
population over the next half century (10 
to 14 billion). As such, we should expect a 
handful of individuals to survive Dast the 
current maximum age of 120. However, an 
increased number of extremely robust indi- 
viduals in a larger and more heterogeneous 
population does not mean that average life 
expectancy will increase substantially. The 
Methuselahs of any sexually reproducing 
s~ecies are at the tail end of the survival 
distribution, where mathematically their 
numbers cannot influence the summarv 
metric of life expectancy. 

Billions of humans have inhabited the 
Earth during the 100,000 years of our exis- 
tence as a species, yet we know of no 
evidence that any human has lived longer 
than 120 years. Even if "ideal" living con- 
ditions had been ~rovided for everv human, 
the frequency of survival past 120 years of 
age would have been a remote event. The 
unique genetic characteristics of the hand- 

ful of robust individuals who survive into 
extreme old age are just that-unique. The 
rest of the population cannot expect to be 
as physiologically robust and resistant to 
disease as these few. 

From the studies of Carey et al. and 
Curtsinger et al., some might come to the 
erroneous conclusion that they need only 
survive the rest of the population past the 
first 100 years or so, after which their 
mortalitv rates would level off. We believe 
that with continuing reductions in mortal- 
ity at older ages (driven by life-style chang- 
es and advances in medical technology), 
future survivors to extreme old age will be 
more heterogeneous than ever before. The 
same genetic variability that permits mor- 
phological diversity, and thus evolution, 
will not also allow for a homogeneous pop- 
ulation that contains only Methuselahs. 

There is no denying the importance of 
and interest in these studies-they have 
permitted the reliable estimation of old age 
mortality for a single species for the first 
time. Their findings do not contribute, 
however, to predictions of upper limits of 
life expectancy for a human population. 
The only way life expectancy at birth could 
increase beyond about 85 years would be to 
find some way for death rates to decline 
dramatically below the already low levels 
observed today in countries with low mor- 
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tality, which would be a difficult task at best 
(2). Gains in human life expectancy are 
likely to be small even with anticipated 
breakthroughs in molecular biology that 
could modify some of the inevitable failure 
of maintenance and repair mechanisms. 

The research of Carev et al. and Curt- 
singer et al. reminds us that there are indeed 
Methuselahs living among every heteroge- 
neous population, and their numbers are 
expected to grow with increasing popula- 
tion size. As has always been the case, 
however, the Methuselahs will have a neg- 
ligible effect on the summary metric of life 
expectancy, and this applies to fruit flies 
and humans alike. 

S. Jay Olshansky 
Center on Agmg, Health and Society, 

University of Chicago, 
Chicago, IL 60637 

Bruce A. Carnes 
Biological and Medical Research Division, 

Argonne National Laboratory, 
Argonne, IL 60439 

Christine K. Cassel 
Department of Medicine, 

University of Chicago 
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Carey et al. found a declining age-specific 
mortality rate at advanced ages, which con- 
trasts with conventional models of demogra- 
phy, particularly that of Gompertz (I). The 
results of Carey et al. may arise from an 
ecological dependence of fly mortality rate on 
population density, not because of some un- 
discovered property of extremely old flies. 

In experiment 3 of figure 2 of the report by 
Carey et al. (p. 458), the age-specific mortal- 
ity rate rose steadily for 60 days, after which it 
fell until about day 100. The survival data 
from their table 1 show 1.2 million flies at the 
start of the experiment, but only 1204 flies at 
day 64. Unless the volume of the fly cages was 
reduced by a factor of 1000, the population 
density of the flies fell dramatically. 

Studies of the effect of population density 
on longevity (2) reveal that longevity falls 
dramatically with population density in Dro- 
sophila melanogaster. When high concentra- 
tions of flies were handled without replace- 
ment, a dramatic increase in age-specific mor- 
tality rate with age, followed by a fall, was 
observed. 

If the mortality rates arising from the 
different handling methods of Carey et al. are 
compared, it is apparent that the large-cage 

populations have a general elevation in age- 
specific mortality. In experiments 1 and 2 of 
Carey et al. there were lower handling den- 
sities, and these flies exhibited lower age- 
specific mortality rates than flies from cages, 
at least until densities within cages fell sub- 
stantially, that is, at later ages. In addition, 

the data from their experi- 
. ment 1. in which flies were 

handled individually, gen- 
erally indicate a rising age- 
specific mortality rate, quite 
unlike the data from the 
population cage experiment 
with 1.2 million flies. 

While we do not wish to defend the 
Gompertz model, which has undoubtedly 
been "successfully" applied to other proble- 
matic data, in our view, the findings of 
Carey et al. indicate that complex crowding 
affected the experiments and that these 
effects could have given rise to deviations 
from a Gompertz model for reasons that 
have little to do with the biology of aging. 

Theodore J. Nusbaum 
Joseph L. Graves 

Laurence D. MuelIer 
Michael R. Rose 

Department of Ecology and 
Evolutionary Biology, 

University of California, 
Irvine, CA 9271 7 
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R e s ~ e :  Other ex~lanations exist for the 
leveling off of mortality at advanced ages 
besides the one described by Gavrilov and 
Gavrilova, two of which were included in 
our reports (I, Z)-cohort heterogeneity 
and changes at the individual level. Fur- 
thermore, available evidence does not con- 
clusivelv demonstrate that death rates for 
all species necessarily approach a constant 
level at advanced ages. Our findings, taken 
together with human data, simply suggest 
that death rates among the very oldest may 
not increase exponentially, at least in some 
species. It is possible that mortality patterns 
at advanced ages differ across species and 
result from complicated interaction of mor- 
tality selection, debilitation, recuperation, 
and acquired resistance (3). 

We did not cite the entire book by 
Gavrilov and Gavrilova as one on life-span 
limits; rather we cited a specific page in 
their book (4, p. 128), where a framework 

without freezing or embedding. 
Simple, precise adjustments cut fresh or 
fixed tissue evenly from 20 microns up. 
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for testing the hypotheses for the existence 
of life-span limits can be found. 

Olshansky et al. state that death rates 
have to fall substantially if human life 
expectancy is to increase beyond age 85. 
This is correct. Their view that this is 
unlikelv is debatable. If death rates decline 
steadily at a rate of 2% per year, then they 
will fall to about half of current levels 
within three or four decades and to about a 
quarter of current levels within seven or 
eight decades, that is, within the lifetimes 
of children alive today. Given such prog- 
ress, the average newborn girl in the United 
States would live 100 years (5) .  It may seem 
"difficult" to cut mortalitv bv a factor of , , 

four, but continued reductions at a rate of 
1, 2, or 3% per year are not implausible. 
Prolonged but gradual progress might be 
achieved even without "breakthroughs in 
molecular biology" through our gradual un- 
derstanding of salubrious nutrition and be- 
havior, "successful aging," and disease and 
disability processes and through prevention 
or postponement of illnesses as well as 
treatment and cure (6). 

Olshansky et al. assert that only individ- 
uals with "unique genetic characteristics 
. . . survive into extreme old age. . . ." 
Although genetic factors influence longev- 
ity, human nonagenarians and centenarians 
are genetically heterogeneous (3, and most 

of the geneotypes in our Drosophila experi- 
ments included long-lived individuals (2). 
Because " 'ideal' living conditions" are not 
yet well understood and centenarians up 
until now have lived most of their lives 
under far from ideal conditions, how many 
humans can survive past age 120 if they live 
under ideal conditions all their lives is an 
open question. 

Medflies and Drosophila start reproduc- 
ing within 3 days of emergence and have 
life expectancies in the wild of a week or 
two. Olshansky et al. say that individuals 
are not "programmed to survive much be- 
yond the ages required to ensure reproduc- 
tive success." Some medflies in our experi- 
ments, however, survived more than 200 
days, and some Drosophila more than 100 
days. Olshansky et al. contend that in a 
population with little genetic heterogene- 
ity, a mortality function other than the 
Gompertz "should apply." They present no 
evidence or theoretical iustification. do not 
describe the nature of the function,' and do 
not mention our research on the mortality 
of genetically homogeneous populations of 
Drosophila (2) and on the relationship be- 
tween the mortality patterns of populations 
and more homogeneous subpopulations (8). 

The remark bv Olshanskv et al. that 
there are Methuselahs in every population 
misses the significance of our findings about 

medflies and Drosophila. In sharp contrast 
to human experience, the age trajectory of 
mortality did not approach one, but 
roughly leveled off at a modest point. 
There were true Methuselahs amone the 

u 

flies-individuals whose life-span in com- 
parison with the typical fly was analogous 
to Methuselah's life-span of 969 years. 
Thus the pattern of mortality among the 
flies we studied was fundamentally differ- 
ent from the observed pattern in at least 
modern human ~o~ula t ions .  . . 

We do not dispute the findings of previ- 
ous studies including those cited bv Nus- ., 
baum and his colleagues showing that, in 
general, life expectancy at maturation is 
inversely related to initial cohort density 
(9, 10). Rather, we view the relationship as 
irrelevant to our conclusion that mortality 
rates slow at older ages. This is because 
most studies of cohort densitv have shown 
that initial densities influence mortality 
rates far more at young ages than at old 
ages, when mortality has much less influ- 
ence on initial life expectancy (I I). The 
mortality decline in our 1.2 million medfly 
experiment began at day 60, when an av- 
erage of only 16 flies per cage were alive, 
and continued until day 100, when an 
average of only one to two flies per cage 
were alive. Although changes in density at 
such low levels of crowding are unlikely to 
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explain the mortality decline, we are con- 
ducting further experiments and analyses of 
density effects. So far we have found no 
statistical evidence in the data for 1.2 
million medflies maintained in 167 separate 
cages that slowing of mortality rates at older 
ages was an artifact of decreasing cage 
population densities. The evidence includ- 
ed correlation coefficients for cage popula- 
tion densities at three ages (10, 30, and 45 
days) plotted against the respective age- 
specific life expectancies and mortality 
rates. In all cases the sign of the regression 
equation slope was opposite that predicted 
bv densitv effects. and correlation coeffi- 
cients weie small.'~urthermore, density ef- 
fects alone cannot explain the slowing of 
mortality at older ages in our two medfly 
experiments in which flies were maintained 
in solitary confinement. 

J. R. Carey 
Department of Entomology, 

University of California, Davis, C A  9561 6 
J. W. Curtsinger 

Department of Ecology, Evolution, 
and Behavior, 

University of Mmnesota, St. Paul, MN 55 108 
J. W. Vaupel 

Odense University Medical School, 
Odense DK-5000, Denmark, and 

- . .. 
Center for Demographic Studies, - .  . . - . - - . . . . . 

Duke University, Durham, NC 277084408 
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$250 million gamble" (p. 612). 
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