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Abstract

The purpose of this paper is to summarize recent research on longevity, aging and adaptation in
wild medfly populations and in a close relative of the medfly. The key findings include a new life
table identity that relates age structure and the distribution of deaths in stationary populations,
seasonal variation in the post-capture longevity of trapped medflies of unknown age, greater
longevity of once-wild (wild-caught) adult medflies relative to never-wild (laboratory-emerged)
individuals, differences in age specificity of different medfly field capture methods, large variation
in the sex-specific longevity of six medfly global biotypes (e.g. Kenya; Brazil; Greece), and the
extraordinary longevity of the natal fruit fly—a sister species of the medfly. The Discussion
contains a listing of discoveries derived from this recent research that appear to be unique to the
investigations on medfly aging in the wild. It is suggested that studies of aging in wild populations
of Drosophila melanogaster have the potential to exploit this model organism in an entirely new
aging research domain and thus complement the already deep literature on aging in this species.
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INTRODUCTION

Tephritid fruit flies as models for aging research were originally introduced to the
gerontology and biodemography literature nearly two decades ago with publication of the
large-scale Mediterranean fruit fly (Ceratitis capitata) life table study showing that mortality
slowed at advanced ages (e.g. Carey et al., 1992). This was the first of a number of papers
that exploited one of the strengths of this model system—the availability of large numbers
of individuals at low cost. Many of the biodemographic papers published after this early
phase involving large-scale experiments focused on questions that required gathering
individual-level data on age-specific egg production, disability and mating. Overviews of the
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results of these studies along with those of earlier large-scale life table experiments are
contained in Carey (2003).

Although tephritid fruit flies continue to serve as laboratory models for aging research
(Fanson et al., 2009; Papadopoulos et al., 2010; Zou et al., 2009), recent research efforts on
medfly biodemography have expanded to include aging in the wild. This is an area of aging
science that, with a few important exceptions (e.g. Begon, 1976; Bonduriansky and Brassil,
2002; Sherratt et al., 2010), has been largely neglected for Drosophila and other model
organisms. Therefore the purpose of this paper is to provide an overview of recent findings
concerned with medfly aging in the wild and discuss their implications and importance for
aging research in general and Drosophila aging research in particular. The research results
that | review in this paper are contained in seven different studies, six of which are grouped
in two separate sections according to a general theme and one of which is summarized in a
separate section. At the end | recap the original discoveries and developments that appear
not to have precedents in the literature on the biology and demography of aging.

BACKGROUND

Importance of research on aging in the wild

All biologists are well aware that life in a captive laboratory environment for model
organisms is vastly different from their lives if they were free-ranging animals living in the
wild. Whereas laboratory animals are maintained under optimal physical conditions in
cages, usually have ready access to food, water, and mates, and are protected from disease,
parasites, and predators, these same animals living in the wild may be subject to disease,
starvation, dessication, parasitisation, predation, hypothermia and hyperthermia. Because
aging and longevity in the wild may differ so drastically from aging in the laboratory, it is
impossible to characterize all of the actuarial properties of a species including its lifespan
independent of its environment—a fly that is capable of living 6 months in the laboratory
might live only a few days or weeks in the wild. Information on aging in both environments
is thus complementary and mutually informing in at least two respects. First, knowledge of
all aspects of aging and longevity in both environments including lifespan extremes, sex
longevity differentials, actuarial aging rates, seasonality of frailty, and life table properties of
biotypes will reveal which aspects are truly robust (i.e. aging traits that are present in both
environments such as the sign of gender longevity differences) and those which are
idiosyncratic to or an artefact of a particular environment. Second, inasmuch as the
evolutionary theories of aging serve as the foundation for much of aging research,
particularly for interpreting actuarial patterns at the advanced ages, the results of studies on
aging and longevity in evolutionarily-relevant environments can be used to validate certain
theories and reject others. Indeed, there is virtually no other way to test evolutionary theories
of aging other than the use of data gathered on aging in the wild. This point is underscored
by Williams and his co-workers (Williams et al., 2006) who noted that, because of the
paucity of field data, the present weight of evidence has failed to establish George Williams’
classic hypothesis (Williams, 1957) that low adult death rates are associated with low rates
of senescence as a general prediction of the way that environmental hazards shape aging
schedules in the wild. It is remarkable that after over half a century that there is still no clear
consensus on this classic theory because of lack of relevant field data.

Overview of medfly natural history

The medfly belongs to the dipteran family Tephritidae referred to as “true” fruit flies—a
group of about 4,000 species distributed throughout most of the world (from Christenson
and Foote, 1960). Tephritids lay eggs in intact fruit using their sharp ovipositor rather than
on decaying fruit as do their distant relatives in the family Drosophilidae. Both genetic and
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phylogenetic evidence point toward tropical Africa as the medfly’s aboriginal home.
However, the species is currently distributed throughout a wide range of climatic regions of
the world including the Mediterranean, western regions of the Middle East, Central and
South America, and the Pacific (Hawaii; western Australia). Generally speaking, the
reproductive biology and life course of medflies is typical of other dipterans including
Drosophilids—after emerging from a 3 week preadult phase (egg, larvae, pupae), adults of
both sexes begin searching for mates and foraging for food. Following a 5 to 10 day
maturation period females lay an average of 700 to 1,000 eggs (in laboratory) and survive
for 4 to 6 weeks. Unlike Drosophila melanogaster most aspects of medfly ecology and
behaviour in the field are well understood (e.g. Papadopoulos et al., 2001; Vargas et al.,
1983). However, one aspect that is poorly understood is its demography in the wild, some
insights of which are presented in the next three sections.

AGING, LONGEVITY AND ADAPTATION IN THE WILD

Medfly population aging: Analytical concepts and empirical studies

A life table equality: Death distribution reveals age distribution—A concept that
appears not to have been considered in the development of techniques that can be used to
study population aging and age structure in the wild concerns the information contained, not
in dead individuals as in many of the historical approaches (e.g. egg load; cuticular
hydrocarbons), but in live ones. The concept is this: If groups of individuals are collected
from two populations separated in space or time, one for which the average age of
individuals in it is greater than the other, the average of the remaining time-to-death of these
captured individuals will be less in the older population. Further, the difference between the
average ages to death will approximate the difference in the average ages between their
populations.

For the idealized case of a stationary (replacement-only) population, the age distribution
(and thus average age) of the population can be computed directly from the distribution of
the remaining times to death of the individuals across all age classes in the current
population. Thus if all individuals in a stationary population were marked at a given moment
and their deaths monitored until the last individual died, the exact percentage that dies x-
days after the moment of marking will equal the exact percentage of individuals age x in the
stationary population. This is despite the mathematical fact that the percentage of all deaths
that occur x-days after marking consists of individuals from all age classes.

This non-intuitive but mathematically true relationship is given in papers by Miller and his
colleagues (Miiller et al., 2004; Mdiller et al., 2007) and formally derived by Vaupel (2009).
The key relations forming the life table identity are outlined in Table 1. The identity is
revealed by the equality of the bold type columns c, and dy= in the leftmost and rightmost
sub-tables. From these data on death distributions of randomly-marked individuals of
unknown age in stationary populations it is possible to compute: (1) the age-specific survival
schedule, ly; (2) population age structure; and (3) the probability that an individual chosen at
random is one who has lived x years equals the probability the individuals is one who has
that number of years left to live (Vaupel, 2009).

One of the most surprising aspects of this discovery is that, despite the extraordinary long
history and extensive analytical studies on life tables (e.g. Preston et al., 2001), this identity
was unknown prior to its publication in the paper by Muller and his colleagues. The life
table equivalence is important because it sheds light on the relationship of age structure and
death distributions in a population (albeit stationary and thus idealized) and, in turn,
provides an initial analytical framework for constructing more realistic models such as the
one used in the next section.
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Population aging in wild medflies—Although ecologists have attempted to develop
methods for estimating the age of individual insects (e.g. cuticular hydrocarbons; eye
capsule pteridines; gene expression) and ultimately the age structure of their populations, the
methods are often expensive and the results are always mixed. Indeed none of the
technologies provide accurate estimates of individuals at more advanced ages.

An alternative approach to estimating population age structure was developed by Carey,
Muiller and their colleagues based on a method involving i) data on the remaining lifespans
of live-captured individuals and from reference cohorts; and ii) a deconvolution model that
is used to estimate population age structure (Carey et al., 2008; Miiller et al., 2004; Muller et
al., 2007).

This approach used to estimate the age structure of wild medfly populations in Greece,
referred to as the captive cohort method, was based on the death distribution of over 4,000
medflies captured and monitored in the laboratory over three field seasons (Carey et al.,
2008). The method assumed: (1) that relative changes in the patterns of death between
cohorts of medflies captured during two or more sampling periods reflects relative changes
in their respective population age distributions; (2) that changes in these post-capture death
patterns can be used to estimate the actual age structure in the field if both laboratory-reared
and wild-caught adult medflies experience the same mortality risk in the laboratory (i.e.
memory-less assumption); and (3) the estimated age distribution of wild-caught flies can
also be used to infer the actual age structure in the field (assuming flies are captured in
proportion to their abundance).

The results revealed that large seasonal differences (i.e. > 30 days) existed in the post-
capture lifespans of medflies (Fig. 1). The empirical data and the modeling results suggested
that: i) major shifts in population age structure (>30 days) occur in wild medfly populations;
ii) middle-age (~20-30 days old) and moderately old medflies (>50 days) are common
throughout much of the field season; and iii) the life-span potential of once-wild (i.e. wild-
caught) medflies was greater than that of never-wild medflies (i.e. medflies that were
collected as larvae from the wild but maintained in the laboratory from eclosion through
death). This last result is of stand-alone interest and is thus described next.

Once-wild medflies live longer than never-wild individuals—One of the more
surprising results of medfly field studies (Carey et al., 2008) was that, despite being
maintained under exactly the same conditions in the laboratory as adults, the captive
lifespans of a substantial number of these captured flies of unknown age exceeded the
lifespans of field-collected flies that were reared from field-infested fruit in the laboratory
and thus were of known age at death (Fig. 2). With the exception of males at 60 days, the
sex-specific expectation of life at ages 60, 80, 100 and 120 days for medflies that emerged in
the laboratory from field-infested fruit of known age exceeded by 10 days or more the sex-
specific expectations of remaining life of wild-caught flies (both sexes) of unknown age.
There were also large differences in the number of wild-caught medflies living to extreme
ages relative to the number of never-wild medflies living to extreme ages even though the
never-wild (laboratory-reared) flies: i) were the exact biotype; ii) were not ‘domesticated’
since they were only the F1 generation out of the wild; and iii) they had to have been
younger chronologically than any of the once-wild flies, all of which spent part of their lives
in the wild prior to capture. For example, a total of 19 wild-caught females but no reference
(never-wild) females survived in the laboratory for 140 days or more, and 6 wild-caught but
no reference males survived in the laboratory for 170 days or more. Thus each of the 19
wild-caught females and the 6 wild-caught males had to have been more than 140 and 170
days old, respectively, when the last of their never-wild, known-age counterparts died.
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The results raise the possibility that the higher survival of field-caught medflies was due to
their experience (conditioning) in the wild—a concept that is important because it points to a
mechanism that either suppresses longevity in the captive environment or enhances
longevity in the wild. Genetic differences could not account for the exceptional longevity
observed in captured medflies relative to reference medflies because the reference cohorts
were derived from pupae collected from field-infested hosts over many different months
during the 2003-05 seasons. Age bias of field captures cannot account for the increased
frequency of survival to extreme ages since the reference cohorts were initiated entirely with
newly-eclosed medflies; i.e. the youngest flies captured from the wild could not be younger
than newly-eclosed (i.e. laboratory-emerged).

Although the presence of captured individual that live longer than any flies that emerged in
the laboratory cannot be accounted for by selection arguments, the higher frequency of
moderately long-lived individuals in the group of captured medflies can be accounted for by
selection (Vaupel and Carey, 1993; Vaupel et al., 1979). Selection arguments might in
principle account for these differences, but extended analysis indicated that selection is not
likely to be strong enough to account on its own for the larger lifespans found among the
once-wild flies (see Supplementary material in Carey et al., 2008). For such an explanation
to hold valid, two claims would have to be true. First, death at young ages in the wild would
have to be substantially correlated with reduced late-life survival potential. Early death
could not be largely random, nor could it be tied primarily to traits associated with early-
acting kinds of risks. Second, the raw amount of young mortality in the wild would have to
be large enough to cull a substantial fraction of the weaker members of the population.
Enough of the population would have to be removed to account for the special late survival
of the remainder.

Carey and his co-authors (Carey et al., 2008) offered two hypotheses for the greater lifespan
extremes observed in captured flies. The first was that the early-life experience of free-
ranging adults may reduce their mortality costs of reproduction by inhibiting their ability to
habituate in the captive environment and therefore reduce their reproductive costs. The
second was that there is a window in the early adulthood of medflies when the presence in
their diets of certain amounts or kinds of microorganisms is important and that wild flies
have access to these micro-fauna but that reference flies in the laboratory do not.

The discovery that the potential longevity of wild-caught flies is substantially greater than
flies that have emerged in the laboratory has been corroborated with recent findings from
field studies (Alexander Diamantidis, Nikos Papadopoulos and James R. Carey, unpublished
data). This more recent result affirms the earlier observation concerning the enhanced
lifespan potential of once-wild medflies and thus underscores the importance of follow up
research to identify the factor(s) that determine their extraordinary longevity.

Age bias in medfly capture methods—Despite the large amount of time, effort and
resources that have been invested in sampling insect populations in both basic and applied
contexts, it is remarkable that the literature contains little on age bias in insect capture
techniques. Inasmuch as estimates of both absolute and relative changes in age structure
using the captive cohort method will be influenced by age bias in adult sampling (live-
capture) techniques, it is important to understand the extent to which the age of wild adults
that constitute a captive sample is influenced by the capture method. Therefore Kouloussis
and his co-workers (Kouloussis et al., 2009) developed a simple method for estimating
relative differences in the age bias of different field sampling (collecting) techniques based
on the concept that the survival rates of a mixture of medflies of different ages will reflect
differences in their age composition. Three sampling methods were tested including: i) traps

Exp Gerontol. Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Carey

Page 6

with a food-based synthetic attractant (both sexes); ii) traps with a male pheromone (males-
only); and iii) aspiration of free-ranging medflies (both sexes).

Although data gathered over multiple sampling dates were used in the study, the data
gathered from a single date are given as an example here (Fig. 3). The age composition of
the samples (both sexes), as inferred from differential post-capture survival rates, were
significantly different for medflies captured using food traps relative to those captured using
an aspirator (mean differences of 11 and 8 days for males and female, respectively).
However, there were no significant differences in the post-capture survival rates for males
captured by aspirators versus males captured using pheromone traps.

These findings have two practical implications. The first is that the results reveal an age bias
in capture methods that needs to be taken into account when interpreting the results of
studies using the captive cohort method of population age estimation. Indeed it is doubtful
that the age structure of any sample of insects is an exact reflection of the age structure of
the population as a whole. The second practical implication is that this life table assay
provides a useful technique for estimating changes in the frailty of insect populations
including populations of Drosophila. The importance of this simple method may increase as
researchers attempt to connect the results of aging research in the laboratory with aging in
the wild.

Medfly Longevity as Adaptation

Longevity differences in medfly biotypes associated with climate—Surprisingly
little research has been conducted on how different environments shape life span in different
insect species including in fruit flies. Because medflies have colonized a wide range of
climatic regions ranging from desert and Mediterranean to subtropical and tropical,
Diamantidis and his co-workers (Diamantidis et al., 2009) conducted a series of common
garden studies to identify differences in the biodemographic characteristics of medflies from
six global regions including three with tropical climates (i.e. Kenya; Hawaii; Guatemala)
and three with Mediterranean climates (i.e. Portugal; Greece; north-eastern Brazil).

Two important results pertaining to the life table properties of each of these six medfly
biotypes merit comment (Table 2). The first is that the six female biotypes could be
classified into two categories according to their life expectancies: i) shorter-lived biotypes
derived from tropical or subtropical regions (i.e. Guatemala, Hawaii, and Kenya); and ii)
longer-lived biotypes derived from Mediterranean-type climatic regions (i.e. Portugal,
Greece, and north-eastern Brazil). Diamantidis and his co-authors hypothesized that the
greater longevity in female medflies from the global regions with Mediterranean-like
climates (including semi-arid region of north-eastern Brazil) was due to selection for
survival through exposure to extended dearth periods (e.g. extremes in seasonality;
stochasticity). In contrast, the longevity of female medflies from tropical regions was lower
due to reduced need to survive periods of resource scarcity that are less frequent in these
types of environments.

The second important result was that, with the exception of medflies from Guatemala, male
medflies are extraordinarily long-lived, not only relative to female medflies, but relative to
many other insect species. The life expectancy of newly-eclosed females ranged from
around 50 to 75 days and of 100 day-old females from 0 to 21 days. In contrast, the life
expectancies at eclosion for all male biotypes (excepting Guatemala) ranged from 107 to
122 days and at 100 days from 27 to 45 days. Clearly male medflies are not only the longer-
lived sex in this species in particular, but also quite long lived relative to many other insect
species more generally (Carey, 2001).
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Medfly reproduction is adapted to its survival characteristics—Miller and his
colleagues (Muller et al., 2009) used the data from the medfly biotypes (Diamantidis et al.,
2009) to test what they referred to as the reproductive adaptation hypothesis—the temporal
patterns of individual fertility schedules are influenced by the population survival schedule.
It is therefore probable that at the population level, the ensemble of individual trajectories of
fertility is affected by the survival schedule of the population. To investigate whether
survival shapes reproduction, two subsamples were created from the original cohorts: a
survival-adjusted and an unadjusted sample. The survival-adjusted sample was obtained by
constrained randomization such that all cohorts have the same number of deaths in every 5
day interval.

Large differences in reproductive schedules between the short-lived and the long-lived
cohorts are evident when one compares the estimated mean functions of the unadjusted
samples (Fig. 4a). These differences are substantially reduced in the survival-adjusted
samples (Fig. 4b). The analysis demonstrates that the differences observed in reproductive
trajectories can be largely explained by differences in survival. Miller and his colleagues
therefore conclude that: (1) the observed differences in shapes and patterns of individual
reproductive schedules are closely associated with differences in the survival schedules of
the corresponding populations; and (2) the differences in reproductive patterns observed
across populations disappear after adjusted for the population-specific differences in
longevity. The consequences of these findings are two-fold. The first is that there exists a
universal reproductive schedule that captures the essential features of reproduction and
varies only little across the six populations. The second is that the close link of reproductive
trajectories with survival provides support for the reproductive adaptation hypothesis.

Occasional negative environmental or season influences of the habitat have only limited
impact if egg-laying periods are extended, but can have serious negative effects if egg-
laying occurs in a very brief period. If all egg-laying takes place in a very short interval and
external conditions during that time are not conducive to the maturing of eggs and young
flies, the entire batch of eggs laid by individual flies would be lost. Inasmuch as lifespan
evolution theory (Orzack, 2003) supports the notion that selection favors longer lifespans in
both uncertain environments or in environments with dearth periods of resource availability,
the lifespans of the long-lived group of medfly biotypes may have evolved in response to
host-free summer periods owing to either chance or seasonal variation.

This finding maps into the classical literature concerned with the evolutionary biology of
aging (e.g. Hamilton, 1966; Kirkwood, 2008; Rose and Charlesworth, 1980). As conditions
arose that favored greater longevity for population replacement and growth, selection
favored the individuals that were genetically predisposed to live longer and produce eggs at
later ages. Thus the reproductive schedules of the longer-lived biotypes consisted of
increasing fractions of individuals that survived to and reproduced at older ages resulting in
the re-shaping of the cohort’s reproductive schedules—i.e. less pronounced peaks and longer
tails in egg laying (as observed by Diamantidis et al., 2009). This process of ‘moulding’
both reproduction and mortality schedules was described over 4 decades ago in the classic
paper by W. D. Hamilton (Hamilton, 1966)—i.e. the left-most part (younger) of the
mortality schedule is ‘nibbled” away faster than the right-most part (older) at the ages when
reproduction ends. The greater the rate of genetic change, the greater the speed at which the
mortality schedule is moulded.

Extraordinary longevity of a medfly sister species

Just as D. melanogaster is one of a large number of Drosophila species ranging from sibling
species to more distant relatives such as the picture-winged Drosophila (e.g. D. mulli) from
Hawaii, the medfly is also one of a large number of Ceratitis species. One such closely-
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related species is the natal fruit fly, C. rosa, a species that, unlike the medfly which is
widespread, is restricted to its aboriginal home of Africa and the islands of Mauritius and
Reunion (Duyck et al., 2007). Because C. rosa is virtually identical to the medfly in size,
appearance, behavior, host range, and developmental rate from egg to adult, a
straightforward demographic prediction is that its average longevity would be similar to that
of the medfly.

Remarkably survivorship (and thus lifespan) of C. rosa is much greater than that of the
medfly as shown in Fig. 5. Whereas the life expectancy at eclosion for the medfly in most
studies is typically around 50 to 70 days, (e.g. Carey et al., 2002;Carey et al., 2008), Duyck
and his co-workers (Duyck et al., 2010) reported that life expectancies of male and female
C. rosa were 160 and 143 days, respectively, with lifespans approaching one year
(females=328 days; males= 357 days). Given the similarities in the life histories of C. rosa
and C. capitata but the 2—-3 fold difference in their adult lifespans, it is clear that the factors
that select for extended longevity go beyond the basic dichotomy used by Diamanditis and
his co-workers (Diamantidis et al., 2009) to classify shorter- and longer-lived medfly
biotypes. An unknown factor or set of factors in the evolutionary ecology and life history of
C. rosa selects for extraordinary longevity potential in this species that is either not present
in the ecology or important to the life history of C. capitata. It is noteworthy that, whereas
as the medfly as the shorter-lived species is a world-wide invasive pest (excepting Asia), the
natal fruit fly as the long-lived species is not known for its ability to invade new regions
(Duyck et al., 2007).

DISCUSSION

Unlike laboratory research on D. melanogaster in which both environmental and
experimental conditions are carefully controlled, research on aging in the wild on insects
such as the medfly is fraught with challenges including the lack of both controlled
conditions and experimental controls, absence of information about basic genetic and
demographic properties of the organisms being studied, and restricted periods for data
collection (i.e. short seasons). Despite these obstacles, research that focuses on aging,
longevity and adaptation in wild medflies provided Carey and his co-investigators the
opportunity to develop new tools and generate original discoveries that are relevant to aging
science. As examples, the following discoveries compiled from the research summarized in
this paper appear not to have precedents in the aging literature. I first list the main finding
and then note its importance.

» Life table identity—equivalence of population age structure and the death
distribution of randomly-marked individuals in a stationary population (Mdller et
al., 2004). This result is important because it establishes both the theoretical
concept and analytical baseline relating population age structure to remaining time
to death for individuals within an idealized, hypothetical population.

»  Captive cohort method—the age structure of wild populations can be estimated
using the death distribution of wild-caught flies of unknown age, actuarial data
from reference cohorts, and deconvolution models (Carey et al., 2008; Miiller et al.,
2004; Muller et al., 2007). These models are important because, unlike the model
describing the life table identity which applies to an idealized (stationary)
population, they can be applied to actual and not just hypothetical populations of
medflies (as summarized next) but also populations of Drosophila melanogaster
and other free-ranging insect species.

» Large changes in age structure in wild medfly populations—shifts of up to 30 days
in average age of medfly populations in the wild were documented using the
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captive cohort method of age structure estimation (Carey et al., 2008). This specific
finding is important because i) a shift of this magnitude in the average age of a fruit
fly population implies that many flies are living to middle ages as well as relatively
advanced ages; and ii) shifts in age structure throughout the season documents the
existence of population aging in wild populations of medflies as well as the
seasonality, periodicity and scale of changes in age structure.

Extraordinary longevity of once-wild medflies—the post-capture lifespans of free-
ranging medfly adults exceeded both the average and the extreme lifespans in
medflies of the same biotype that emerged in the laboratory (Carey et al., 2008).
This result is important because it opens up the possibility that there may be factors
present in nature that extend longevity that have not been considered because all
virtually all previous research on aging has focused exclusively on aging in model
organisms in the laboratory.

Age bias in capture—the age composition of captured medflies is conditional on
the field sampling method (Kouloussis et al., 2009). This result is important
because it reveals i) the intuitive but poorly documented observation that
individuals of different ages are neither randomly distributed nor have the same
responses to stimuli in nature; ii) individuals of different ages are subject to differ
risks due to their differences in location and behavior; and iii) the importance of
understanding how different sampling methods have the potential to skew estimates
of the age structure in wild populations regardless of the technique used to estimate
population age (i.e. technology such as analysis of cuticular hydrocarbons or
demographic approach using the captive cohort method).

Male medflies are unequivocally longer-lived than female medflies—evidence from
both field and laboratory studies now leaves little doubt that male medflies live
longer than female medflies (Carey, 2003; Carey et al., 2008; Diamantidis et al.,
2009; Kouloussis et al., 2009). This observation is complemented by the finding by
Duyck and his co-workers (Duyck et al., 2010) that the lifespan of males in a
medfly sister species, the natal fruit fly (C. rosa), is also much greater than that of
females. These findings are important because the general consensus in much of the
gerontology literature is that females of most species live longer than males
(Austad, 2006). However, this is not the case for medflies and therefore the
generalization regarding the longevity advantage of females may need to be
revisited.

Lifespan shapes and is shaped by reproduction—modeling using the survival and
reproductive data on medfly biotypes supports the hypothesis that peak
reproduction occurs before major mortality increases occur (Mdiller et al., 2009).
This finding is important because it is consistent with and thus supports the
theoretical underpinnings of the evolutionary theory of aging concerned with the
evolution of extended longevity (Hamilton, 1966; Kirkwood, 2008; Rose and
Charlesworth, 1980).

Large difference in longevity in closely-related species—the life expectancy of C.
rosa, a species that is a close relative of the medfly, is over twice that of C. capitata
even though the ecology and host ranges of these two species are nearly identical
(Baliraine et al., 2004; Duyck et al., 2006). This result both highlights and
underscores the extent to which Darwinian selection can alter the actuarial
properties of species that are so closely related that they look nearly identical and
have host ranges with nearly 100% overlap.

One of the obvious reasons these findings emerged from biodemographic research on the
medfly in the wild rather than from research in the laboratory is that the focus in the medfly
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research is on ecological and demographic determinants, whereas the focus of laboratory
research is typically on mechanisms (e.g. physiological; genetic; molecular). However,
studies on aging, longevity and adaptation in the wild of model organisms used in aging
research such as D. melanogaster have the potential, not only to answer questions and
identify relationships similar to those on the medfly discussed in this paper, but also to
validate laboratory findings and generate new sets of questions on aging in a complementary
domain of aging research.
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Figure 1.

Post-capture lifespans for 4,088 medflies (2653; 1435 males) trapped during the 2003-05
field seasons on Chios Island, Greece. The points (individual remaining lifespan) within
each field season are connected by lines to depict both variation and seasonal trends. The
running 30-day medians for each season are shown as the internal smoothed lines. The
horizontal dashed lines show the 20-day (shorter-lived) and 100-day (longer-lived) post-
capture age are included for reference (from Carey et al., 2008).
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Figure 2.

Expectation of remaining life at 60, 80, 100 and 120 days for medflies that emerged as
adults in the laboratory from wild-collected hosts and for medflies of unknown ages that
emerged in the field and were subsequently trapped as free-ranging adults.. ‘Chronological’
age applies known-aged flies that emerged in the laboratory and ‘post-capture’ age applies
to the wild-caught flies and refers to the time that had elapsed since they were captured and
brought to the laboratory (from Carey et al., 2008). The chronological age of known-age
flies from the laboratory must have always been less than or equal to the post-capture age of
wild-caught flies. Note that, with the exception of males at 60 days, remaining life
expectancies in wild-caught flies for both sexes was always higher at all ages
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Figure 3.

Sex-specific post-capture longevity of wild medfly adults on Chios Island, Greece that were
captured live on the same date (July 23, 2006) using either a food (protein-baited) trap (n=
211 and 268 for males and females, respectively, aspirator (n=233 and n=66 for males and
females, respectively) or a pheromone (n=211 for males-only) (from Kouloussis et al.,
2009). Means (xSD) for males were 59.9 (£35.4), 49.2 (£30.4), and 48.7 days (+27.6) for
captures made by the food trap, the aspirator and the pheromone trap, respectively. Means
for females were 49.1 (£30.7) and 41.1 days (+28.4) for captures made with the food trap
and aspirator.
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Figure 4.

a,b. Estimated mean reproductive functions in the medfly biotypes for (1) the survival-
unadjusted; and (b) the survival-adjusted samples (re-drawn from Miuller, et al., 2009). Note
the similarity of the adjusted rates (Fig. 4b) relative to the dissimilarity of the unadjusted
rates (Fig. 4a).
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Figure 5.

Comparative sex-specific life expectancy of two Ceratitis species— the natal fruit fly, C.
rosa (from Duyck et al., 2010) and the medfly, C. capitata (from Carey et al., 2008).
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Sex-specific expectation of life (ey) for x=0 and 100 days for medfly populations originating from six different

geographic areas, (from Diamantidis et al., 2009).

Population Expectation of Life (days)

€o €100

Males Females Males Females

Guatemala 68.0 48.1 0.0 0.0
Hawaii 106.5 52.1 455 115
Kenya 115.9 58.3 38.2 35
Brazil 122.3 75.7 36.0 8.5
Portugal 107.1 75.6 311 21.4
Greece 112.1 72.3 27.2 16.0
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