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Population density effects on longevity revisited
A note in response to ‘Density and age-specific mortality’ by J.W. Curtsinger
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J.W. Curtsinger, in his short communication in this
volume entitled ‘Density and Age-Specific Mortality’,
states that our suggestion that population density might
has been a confounding variable affecting the demon-
stration of declining late-age mortality rates observed
in the Medfly experiments in Carey et al. (1992) is
specious. His claim results from four lines of argu-
ment: first that Medflies are not Drosophila, second
that our experiments investigating density effects in D.
melanogaster were small in size, third that we used
extremely high densities to show significant effects,
and finally that the density effects we showed only
could have had significant impacts on early mortality
rates. He continues in this piece to ask if the declining
late-life mortality rates observed when utilizing large
initial populations are real, and if so, what do they tell
us about the fundamental processes underlying senes-
cence.

Medflies are not Drosophila

Graves and Mueller (1993) reviewed a wide variety of
data concerning density effects on longevity in a vari-
ety of species. This paper implicitly recognized that
while all species seemed to be sensitive to density in
some way, the nature of and mechanisms determining
these effects were not well known. Thus, nothing in our
paper asserted that particular observations of density
effects seen in Drosophila or any other taxon must be
in operation in Ceratitus (Medflies). The point that was
made, that Curtsinger fails to acknowledge, is that the
existence of these types of density effects in Drosophi-

la argue for the plausibility of this phenomenon in
Medflies. This of course argues for the construction
of experimental techniques which would not confound
density and aging as in Carey ez al. (1992). It is curious
that after asserting the difference between Drosophi-
la and Medflies, Curtsinger then goes on to cite his
own research with Drosophila, which to him suggests
that density should not be an important confounding
factor in Carey’s Medfly experiments. At this point,
we suggest that Curtsinger take his own advice. In the
end no amount of post-hoc arguing will rescue a badly
designed experiment. The only way to really address
the question of density effects in Medflies is to carry
out experiments with that species to show how these
might be manifested in that species. It can be noted
that Curtsinger cites a new experiment in his com-
ment (Vaupel, Carey and Liedo, submitted) designed
to examine the density question.

Population density effects

The adult and larval densities utilized in our experi-
ments in Drosophila are consistent with those used in
classical studies of this problem in this species (see
e.g. Pearl & Parker, 1922; Pearl, Miner & Parker,
1927; Chiang & Hodson, 1954; Miller & Thomas,
1958; Graves & Mueller, 1993; Mueller, Graves &
Rose, 1993). The studies of Pearl and his colleagues
utilizing these same densities in similar volumes found
that there were strong effects of density on mortality
rates. They showed that these effects were non-linear
across densities, and generally manifested earlier in
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life (Pearl, Miner & Parker, 1927). This study utilized
13,000 wild type flies, with a total of 4,750 assayed,
in the three highest density treatments. This study also
showed some evidence for the deceleration of mortal-
ity rates at the latest ages, but the authors mentioned
that their sample of flies surviving to later ages was too
small to give any statistical validity to this claim.

The Drosophila data indicate that stocks with
different selection histories relative to age-specific
and density effects can exhibit radical differences in
response to density. The NDCLA long-lived stocks
produced by Luckinbill ez al. (1984) utilized a combi-
nation of age-specific and strong density dependent lar-
val selection actually increase their survivorship with
density (at densities extremely high on Curtsinger’s
chart; Graves, 1988). This is also shown in the data
from Pearl, Miner and Parker (1927) and in the r- and
K-stocks produced by Mueller and Ayala (1981) (see
also Mueller, Graves & Rose, 1993). This all argues
that the impacts of density-dependent and age-specific
selection on mortality patterns are complex and cannot
be ignored, a priori, as in Carey et al. (1992) (it will
be shown below that the authors of that study consid-
ered this a potential problem). It does not argue, as
Curtsinger suggests, that we think that these functions
are identical in Drosophila and Medflies.

The data seem to indicate at present, that at least
in Drosophila, initial population density does seem
to have its greatest impact on the mortality of young
flies (Pearl & Parker, 1922; Pearl, Miner & Parker,
1927; Curtsinger et al., 1993; Graves & Mueller, 1993;
Mueller, Graves & Rose, 1993). Thus we do not dis-
agree with this point made by Curtsinger. The exper-
imentation performed thus far does not eliminate the
possibility that there is no impact of declining densities
on the mortality of older flies, and certainly the evi-
dence indicates that all density functions are sensitive
to the past evolutionary history of the stocks surveyed.
In the case of the Medflies utilized in Carey et al.
(1992) it was impossible to say anything about these
possibilities, due to absence of any detailed knowl-
edge concerning these characteristics in their Medfly
stocks.

In addition, we made no contention that our exper-
iments were not small relative to Carey et al (1992).
They were not originally designed to make precise
measurements of mortality rates, as made possible
by the much larger experiments cited by Curtsinger.
These experiments were designed to examine the
physiological mechanisms by which density affects
longevity in genetically differentiated stocks. Thus

we do not agree with the statement that the results
of our studies are irrelevant to understanding sources
of mortality encountered by flies placed under den-
sity stress. Mueller, Graves and Rose (1993) reports
changes in stress resistance and performance charac-
ters, in genetically differentiated stocks, relative to
density-dependent and age-specific selection, which
are known to be related to survival in Drosophila in
these laboratory conditions. These levels of physio-
logical detail are nowhere demonstrated in the studies
cited in Curtsinger (this volume) used to claim the
irrelevance of our work.

Philosophy, method and the deceleration of
aging

‘We sense that, in fact, there is far more to this con-
troversy. The disagreement is not just concerning the
details of individual experimental design:

‘At issue is whether the observation on Medflies,
specifically the deceleration of mortality at older
ages, reveals a fundamental property of aging with
important genetic and evolutionary implications, or
is just an artifact of experimental procedure medi-
ated by density’.

J.W. Curtsinger [this volume]

We would agree, but we would rephrase the question
even more sharply. Let us assume that the deceleration
of mortality observed at later ages in these experiments
are real; does this tell us anything useful concerning
genetic and evolutionary principles relates to senes-
cence?

To understand this problem, we must return to the
central questions that Carey et al. (1992) was designed
to address. These questions were formulated by ‘clas-
sical’ gerontological thinking and may be listed as fol-
lows:

1. That senescence can be operationally defined by
and measured from the increase in mortality rates
with age.

2.That the basic pattern of mortality at adult ages
in nearly all species follows the same unitary pat-
tern described by the Gompertz model (exponential
increase).

3. That species can be characterized by the species-
specific life-span as measured (i) the oldest age
attained, even in a relatively small population of
100 or fewer individuals, or (ii) a pattern of age-



specific mortality tending toward unity at the max-
imal age.

Carey et al., 1992, p. 460.

The Carey et al. (1992) study examined mortality
rates from large cohorts of Medflies kept under dif-
ferent conditions to address these questions. The treat-
ments were experiment 1, males flies kept alone in cups
(N = 21,204), experiment 2 in which male flies were
kept individually in tissue cells (N =27,181) and final-
ly experiment 3 in which male flies were kept in cages
(7,200 per cage, with a total cohort of 1,203,406 flies
assayed). The results of this study were inconsistent
with the classical demographic predictions outlined
above. It found that in all cases that mortality rates
decelerated at later age, that the mortality rates thus
did not follow the Gompertzian prediction, and final-
ly that the patterns of age-specific mortality observed
were sensitive to the population size assayed.

Figure 2 from Carey et al. (1992) shows the age-
specific mortality rates measured in the three different
experiments. Two of the experiments give qualitatively
similar results (the experiment with cups and cells),
although it should be noted that a large fluctuation in
mortality appeared centered around day 40 in the cell
experiment that was not exhibited in the cup treatment.
The third experiment gives a very different pattern of
age-specific mortality, e.g. the mortality rates show a
steady and marked decline from ages 55 days until the
end of the experiment (about 100 days). In contrast
the results from the experiment with cups shows an
increase in mortality rates from 80-90 days and then
fluctuates erratically after that time. The experiment
with cells shows a more gradual increase in mortality
rates from age 50-90 days followed by fluctuation and
an eventual decline in the mortality rates.

The importance of the results from the cages is
emphasized by the inclusion of the detailed data from
this experiment alone in Table 2 of the Carey et al.
paper. Certainly one should already be concerned that
such different results were obtained for the same organ-
ism in different experiments. The authors, however,
did not see these results as being qualitatively different,
even though they pointed to the possibility of differen-
tial density effects existing between the treatments:

‘In contrast, flies held in groups of 7,200 were
subject to conditions that increase mortality risk—
large cage size for flying, mating, some egg-laying,
mechanical wear, and considerable stress due to
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crowding (our emphasis).

Carey et al., 1991, p. 459.

Graves and Mueller (1993), after Nusbaum et al.
(1993), suggested one obvious explanation for the dif-
ference in these experiments and the dramatic decline
in mortality seen in the cage experiments is the con-
comitant change in density that was uncontrolled in but
present in the cage experiment and not the others. Con-
sequently, that paper concluded that the interpretation
of these results may be more relevant to density-related
phenomenon than to aging.

In part, our suspicion of these experiments is con-
ditioned by our utilization of evolutionary theory as the
chief intellectual tool governing our thinking concern-
ing phenomena related to senescence. The evolution-
ary theory of senescence is predicated on the declining
force of natural selection acting on soma at advanced
ages. The population genetic mechanisms consistent
with that theory are antagonistic pleiotropy (trade-
offs between alleles beneficial to early v. late-life) and
mutation accumulation (alleles with neutral early-life
negative late-life effects; Medawar, 1952; Williams,
1957). Evolutionary theorists concerned with aging
never would have made the predictions that senescence
is operationally defined by increasing rates of mortality
with age; instead our view is that senescence is more
properly defined by:

a persistent decline in the age-specific fitness-
components of an organism due to internal physi-
ological deterioration.

Rose, 1991, p. 20.

The pattern of mortality at later age is thus deter-
mined by the balance of age-specific actions of alleles
governed by the antagonistic pleiotropy and mutation
accumulation mechanisms, It then follows that evolu-
tionary biologists would not have thought that there
should be any a priori reason why mortality rates
should follow the Gompertzian or any other specif-
ic functional relation. Thus, evolutionary theories of
senescence do not necessarily require that mortality
rates increase at all ages. For instance, the mutation
accumulation hypothesis would assert the mortality
rates at age x + 1 should be greater than those at
age x because deleterious alleles have a greater impact
on fitness at age X than at age x + 1. However, at
ages that are many standard deviations beyond those
normally found in the wild such differential effects
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on fitness would not be expected, nor would a pat-
tern of increasing mortality. For example, Hughes
and Charlesworth (1994), utilizing male Drosophila
from lines with different third chromosomes, found
that there was increasing genetic variance in mortali-
ty rates with age. The genetic variation for mortality
rates in these lines was not significant in early life, but
was significant at the later ages. They suggested that
this might account for the possibility of deceleration of
mortality rates at the oldest ages. This phenomenon is a
direct prediction of the mutation accumulation hypoth-
esis, consistent with the overall evolutionary theory of
senescence (Medawar, 1952; Mueller, 1987). In addi-
tion, unlike Carey et al. (1992), this study held density
and mating effects constant.

Conclusion

Density effects are ubiquitous and their effects on life
history characters are not well understood in insects.
Thus experiments which purport to study these phe-
nomena should take heed of these problems in their
construction. In addition, the evolutionary theory of
aging calls into question the relevance of the results
of Carey et al. (1992) in regards to the fundamental
processes that govern senescence. For these reasons
we stand by the statements of Nusbaum et al. (1993)
and Graves and Mueller (1993) in regards to Carey et
al. (1992) that:

‘these results may be more relevant to the density-
related phenomena than to aging’.
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