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The inverse relationship between reproduction and
lifespan is one of the main concepts of life history
theory. This association has been observed in most
taxa, although exceptions have been found in which
a breeding female outlives her non-reproductive
cohorts. This relationship is well known in social
insects, and it has recently come to light that repro-
ductive females of certain social mole-rat species also
exhibit extended lifespans relative to non-breeders.
We analysed mark-recapture data over 13 years in
12 colonies of Damaraland mole-rats (Fukomys
damarensis) to assess if colony queens lived longer
than non-reproductive adult females. Queens were
recaptured up to 8.5 years after initial capture (X =
6.2 years); significantly longer than non-reproductive
females (X = 1.3 years), suggesting that a colony
queen lives longer than her non-reproductive subor-
dinates. This difference may be attributed to both
physiological and social factors which may relax
reproductive costs in queens.
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ne of the central tenets of life history theory
O posits that an individual produces offspring
atacost to their own survival and future reproduc-
tive success (Williams 1966; Roff 1992; Stearns
1992). Animals that reproduce early and frequently
tend to have relatively short lives, and this may be,
in part, due to resource partitioning; resources
that would be allocated to self-maintenance are
instead diverted towards the many functions
involved in the production of offspring (Williams
1966; Noordwijk & de Jong 1986; Stearns 1989;
Kirkwood & Rose 1991; Stearns 1992). Reproduc-
tion may also take its toll directly on an animal’s
survivorship by decreasing immune function,
increasing oxidative stress, or impairing other
physiological functions (Ricklefs & Wikelski 2002;
Speakman 2008). Supporting this hypothesis, the
relaxation of the physiological demands of repro-
duction by inhibiting or reducing reproductive
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effort can result in an increase in lifespan.
Ovariectomized brown anole lizards (Anolis sagrei)
and eastern lubber grasshoppers (Romalea
microptera) exhibit increased survival relative to
sham ovariectomized females (Hatle et al. 2008;
Cox & Calsbeek 2010), and decreased reproduction
increases lifespan in Drosophila (e.g. Flatt 2011).
However, many social insects show a converse
effect. In social ant, termite and some bee species,
fecundity is associated with long life relative to
non-reproductive colony members (Remolina &
Hughes 2008).

The lifespan of eutherian mammals is, in general,
inversely associated with annual fecundity (Read
& Harvey 1989). However, it has recently been
established that African mole-rats (Rodentia:
Bathyergidae) include species that show a life-
span-reproduction relationship that is more akin
to that of the above-mentioned social insects. This
family of subterranean rodents contains both
social and solitary species; social mole-rats exhibit
a division of labour associated with reproductive
status, in which subordinate colony members are
reproductively supressed via various mechanisms
and reproduction is restricted to one dominant
female, i.e. the queen (Bennett & Faulkes 2000). Itis
within these social species that extended lifespan
in reproductive females has been observed. Repro-
ductive female Ansell’s mole-rats (Fukomys anselli)
and giant mole-rats (E mechowii) live an average of
10.23 + 1.09 S.E. years whereas the mean lifespan
of non-reproductive females is 4.56 + 0.19 S.E.
years in captivity (Dammann et al. 2011); mean
survival of reproductive female Ansell’s mole-rats
is almost twice that of non-breeding females
(Dammann & Burda 2006). Naked mole rats
(Heterocephalus glaber) exhibit no difference in
maximum lifespan between breeding and non-
breeding females in captivity (Sherman & Jarvis
2002); however, according to Braude in a personal
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communication, breeding females can live at least
four times longer than non-breeding individuals
in the wild (it is unclear whether the non-breeders
referred to in this study include male cohorts;
Buffenstein 2008).

The social structure of naked mole-rats is analo-
gous to eusocial ant, termite and some bee species
(Jarvis 1981), and it has been argued that the
only other mammal that exhibits this extreme
type of sociality is another bathyergid species, the
Damaraland mole-rat (Fukomys damarensis; Jarvis
& Bennett 1993). Reproductive suppression in
Damaraland mole-rats is due to two factors: incest
avoidance and social environment (Cooney &
Bennett 2000; Bennett 2011), and subordinate
females possess functionally developed ovaries,
but do not ovulate (Bennett 1994; Bennett et al.
1994; Molteno & Bennett 2000). Although some
individuals disperse and found new colonies,
most non-reproductive members stay in their natal
colony (Jarvis & Bennett 1993); it is estimated that
90% of the population never breed (Faulkes &
Bennett 2001).

Given this similarity in reproductive patterns to
both naked mole-rats and social insects, as well as
to Ansell’s and giant mole-rats, it is feasible that
Damaraland mole-rat queens may also live longer
than non-reproductive females. We analysed
mark-recapture data for 12 colonies of Damaraland
mole-rats over a period of 13 years to assess rela-
tive longevity between these two reproductive
groups.

Twelve colonies of mole-rats were marked and
recaptured every six months from April 1988
to June 2001 over an 175000 m? area at a farm
near Dordabis, Namibia (22°58'S 17°41'E). The area
comprises thorn scrub acacia woodland savanna
with red Kalahari arenosols that support a wide
diversity of geophytes upon which the animals
feed. Colonies were located by the presence of
above ground mounds. Opened sections of tunnel
were excavated and Hickman live-traps placed
into the holes. Traps were checked every two
hours for a period of 10 days, and in order to ensure
thatall mole-rats from a colony had been collected,
the traps were left in for three days following no
capture. Captured mole-rats were housed in
plastic holding containers (60 cm X 30 cm X 30 cm)
containing wood shavings and paper towelling,
and were fed local geophytes of the genus Dipcadi
along with sweet potato. The containers were
cleaned out every second day until release back
into their tunnel system.
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All colony members were weighed and sexed,
and breeding status was determined in the females;
queens were characterized by prominent axillary
teats and a perforate vagina. Female adult body
mass, which is attained at about two years of age,
exceeds 130 g (Bennett et al. 1991), thus adult
non-breeders could be distinguished from juve-
niles. All animals were marked by toe-clipping
and were released once the entire colony had been
trapped. All subsequent recaptures were recorded
to measure survival following initial capture.
Many mole-rats from the area were still alive
following the termination of the collection period,
thus recapture data does not provide the maxi-
mum potential lifespan for this species. Toe clips
were placed in 100% ethanol to be used in genetic
studies elsewhere. Duration of survival following
initial capture was compared between queens and
adult non-reproductive females using a Welch-
Satterthwaite f-test.

Queens were present in a colony for a signifi-
cantly longer duration than non-reproductive
adult females (fi1.0 = 9.97, P < 0.0001). Queens
(n = 12) were recaptured 3-8.5 years after initial
trapping (X = 6.2 + 0.49 S.E.), while non-repro-
ductive adult females (n = 170) were recaptured
0.54 years (X = 1.3 = 0.023 S.E.).

Damaraland queens persisted much longer
within a colony than their non-reproductive adult
female counterparts, suggesting that, like other
social mole-rats and insects, the queen lives much
longer than subordinate, non-breeding females.
This apparent reversal in expected relationship
between reproduction and lifespan in eusocial
animals has been previously ascribed to extrinsic
and physiological factors.

The 100-fold increase in lifespan of eusocial ant
queens relative to solitary species is attributed to
the sheltering and protection of the queen, which
limits exposure to extrinsic sources of mortality
compared to non-reproductive individuals (i.e.
workers; Keller & Genoud 1997; Heinze &
Schrempf 2008). However, this scenario is unlikely
in social mole-rats.

Exposure to sources of extrinsic mortality, such
as predators, is relatively low for subterranean
species (Jarvis & Bennett 1991). Only about 10% of
all Damaraland mole-rats that disappear from a
colony are found in a new colony, suggesting that
the disappearance of about 90% of colony members
may be attributed to mortality rather than dispersal
(Jarvis & Bennett 1993). While it is possible that
dispersal increases risk of death, captive (i.e.
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sheltered from sources of extrinsic mortality)
Ansell’s and giant mole-rats exhibit the same dif-
ferential survival between breeders and non-
breeders as was observed in free living Damara-
land mole-rats. Thus, the disappearance of non-
reproductive females from the colonies is unlikely
to be primarily attributable to extrinsic mortality.
The difference between maximum lifespan
between queens and subordinates in wild but not
captive naked mole-rat colonies suggests that
extrinsic sources in the wild may impact age struc-
ture within the colony (Buffenstein 2008), though
this species is more exposed to potential predators
when forming mole-hills than is the Damaraland
mole-rat (Jarvis & Bennett 1991).

Non-reproductive female Damaraland mole-rats
commence ovulation when removed from the
presence of the queen and are introduced to a
non-related male (Molteno & Bennett 2000), and
this ascension to a dominant status is associated
with several physiological alterations. These include
an increase in brain volume, pituitary sensitivity,
reproductive hormone concentrations, and body
length (Bennett et al. 1993; Bennett 1994; Bennett
et al. 1994; Bennett et al. 1996; Young & Bennett
2010; Anyan et al. 2011). Although it has yet to be
explored, it is possible that some of these adjust-
ments could be correlated with extended longevity.
In Ansell’s mole-rats, there is some evidence that
breeding females possess elevated defences
against oxidant and carbonyl stress relative to
their shorter-lived, non-breeding cohorts, which
may lend support to the oxidative damage theory
of ageing (Dammann et al. 2012).

Insect queens have more resources available to
them owing to provisioning from non-reproductive
colony members (Remolina & Hughes 2008).
Therefore it has been proposed that it is unneces-
sary for queens to divert resources from self-
maintenance, and thus they are not exposed to
physiological costs that could impair survival
(Remolina & Hughes 2008). Non-reproductive
Damaraland mole-rats forage for food and main-
tain the burrow system, allowing the breeding
individuals to expend their energy almost exclu-
sively on reproduction (Bennett 1990), and given
that the queen and dominant male are the largest
individuals in a colony (Bennett & Jarvis 1988;
Lovegrove 1988), adequate food resources are
most likely available to support the energy and
nutrient demands of offspring production. If so,
then mole-rat queens would also not need to trade
off self-maintenance for reproduction.
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It is yet to be determined what mechanisms
underlie the extended longevity of reproductive
social mole-rats. It is plausible that an interaction
between reduced exposure to sources of extrinsic
mortality, increased resistance to physiological
costs, and elevated resource availability has enabled
the evolution of long lifespans in Damaraland
mole-rat queens by reducing, or perhaps even
eliminating reproductive costs. Given that this
relationship has been observed only in social
mole-rats and insects to date, there appears to be a
connection between sociality and long lifespan of
reproductive individuals that warrants further
exploration. Insights into the longevity of repro-
ductive social insects will provide a strong founda-
tion from which to further explore this unusual
phenomenon in social African mole-rats. These
species would also serve as an apt model for inves-
tigating epigenetic regulation of lifespan and
other life history traits, since dominance is regu-
lated by environmental factors.
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