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Chapter 7
Reproductive Ageing

Cheng Shi and Coleen T. Murphy

Abstract Reproductive senescence is common in many species across great evolu-
tionary distances. Reproductive ageing occurs in mid-adulthood, earlier than most 
age-related somatic declines manifest. In this chapter, we review the most recent 
progress in the field of C. elegans reproductive ageing. We first introduce and com-
pare the available methods of measuring reproductive ageing in C. elegans, then 
summarize the current knowledge of C. elegans reproductive ageing regulation. We 
also compare and contrast C. elegans and human/mammalian reproductive decline, 
and illustrate why C. elegans is a good model to study reproductive ageing. Finally, 
we discuss how the knowledge gained from worm studies may contribute to the 
understanding of the relationship between reproductive ageing and somatic longev-
ity. With the proper choice of measurements, screen design, and the development of 
automatic high throughput assays, more exciting discoveries will be made in the 
C. elegans reproductive ageing field, which will greatly contribute to our under-
standing of not only how the reproductive system ages, but also how it is coordi-
nated with the ageing of somatic tissues.

Keywords C. elegans • Reproduction • Ageing • Longevity • Insulin signalling • 
Reproductive ageing • TGF-β

7.1  Introduction

Maximizing reproductive success greatly increases the biological fitness of indi-
viduals, and thus might be expected to be favoured by natural selection. However, 
reproductive senescence is common in many species across great evolutionary 
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distances (including humans and C. elegans), and for these species, it is one of the 
earliest age-related phenotypes manifested, appearing in mid-adulthood. For 
humans, reproductive ageing has both medical and societal implications, as the inci-
dence of infertility, maternal age-related birth defects, and miscarriage begin to rise 
in the mid to late 30s. This is more than a decade before oocyte depletion and the 
onset of menopause (after age 50), and reproductive decline in women is thought to 
be due to declining oocyte quality. Therefore, whether C. elegans can be a model of 
human reproductive ageing hinges upon whether its reproductive ageing is also due 
to oocyte quality decline, or other factors.

How does reproductive ageing occur? Why doesn’t every species maximize its 
reproductive period (i.e., minimize its post-reproductive lifespan)? What limits the 
reproductive span of an animal? What are the similarities and differences between 
reproductive ageing and somatic longevity, and what is the relationship between 
them?

In this chapter, we will try to address these questions as we review the most 
recent progress in the field of C. elegans reproductive ageing, which has provided 
many insights into the underlying genetic pathways and molecular mechanisms that 
regulate this process. We will first introduce how reproductive ageing is measured 
in C. elegans. Then we will summarize the current knowledge of reproductive age-
ing from C. elegans studies, such as the known conditions, tissues, and genetic 
pathways involved in reproductive ageing regulation. We will also compare and 
contrast worm and human/mammalian reproductive decline and illustrate why C. 
elegans is a good model for studying mammalian reproductive ageing. Finally, we 
will discuss how the knowledge gained from worm studies contributes to the under-
standing of relationship between reproductive ageing and somatic longevity.

7.2  Reproduction vs Reproductive Ageing

The total progeny produced (brood size) is often used as a simplified equivalent of 
reproduction (although “reproduction” has broader meanings). By contrast, “repro-
ductive span” is used to reflect the rate of reproductive ageing, and reports the frac-
tion of mothers still reproductive with age. Before we focus on the relationship 
between reproductive and somatic ageing, it would be helpful to discuss whether 
and how reproduction (brood size) and reproductive ageing are correlated.

Hughes et al. [2] found that early reproduction does not affect reproductive age-
ing. fog-2 hermaphrodites, which do not produce self sperm [1], display similar 
rates of decline in reproductive capability after being mated with wild-type males at 
different time points (Day 1, 3, 5, 7, 10). This result was unexpected, differing from 
theories that suggested that the C. elegans germline could continually produce 
oocytes of high quality throughout life. The number of progeny produced each day 
depended on the age of hermaphrodites, and was independent of the time of mating. 
The total number of progeny produced ranged from 7 (mated on Day 10) to over 
500 (mated on Day 1); however, the last day of reproduction for all the groups were 
the same [2]. Therefore, early reproduction and brood size have no effect on the rate 

C. Shi and C.T. Murphy



139

of reproductive ageing. Likewise, a separate study reported that early progeny pro-
duction does not cause reproductive ageing [3]. Thus, delaying reproduction does 
not allow reproduction to continue longer at a later age. Later work showed that 
oocytes age regardless of usage [4], similar to human reproductive ageing, thus 
uncoupling total early reproduction from duration of reproduction.

7.3  Measurements of Reproductive Ageing in C. elegans

C. elegans is an androdioecious (hermaphroditic and male) species. During game-
togenesis, the hermaphrodite germline first undergoes spermatogenesis during the 
L4 stage and produces about 300 self-sperm before switching to oogenesis [5]. 
Hermaphrodites can reproduce by self-fertilization or by mating with males [6]. 
Male sperm outcompete the hermaphrodite’s own sperm, increasing the total prog-
eny production to the thousands [6] and extending the period of reproduction. Thus, 
it is clear that the normal number of progeny produced using self-reproduction is 
artificially limited by sperm number, and this limitation can be overcome by provid-
ing additional sperm through mating.

Several methods to assess C. elegans’ reproductive ageing have been developed. 
These include measurements of daily progeny production profiles, determination of 
the length of the reproductive span, and mechanistic assessments, such as germline 
and oocyte morphology and chromosomal segregation abnormalities in oocytes. 
Reproductive span assays can be categorized into self (only self-fertilized hermaph-
rodites are used) and mated reproductive span assays (hermaphrodites are mated 
with males). Furthermore, some assays focus on late-life reproduction instead of 
covering the entire reproductive span. We discuss the pros and cons of each of these 
approaches.

Daily Progeny Production Progeny production is the traditional method used to 
assess reproductive output, reporting the number of progeny as a function of time. 
The assay requires the daily transfer of adult worms, and the number of live prog-
eny (hatched larvae) is usually counted 2 days after transfer [2, 6, 7]. Although 
laborious, daily progeny production profiles provide the total progeny number, the 
day of peak of progeny production, and the number of progeny produced in late 
life. However, because of the large number of progeny to be counted, these assays 
are usually done on smaller numbers of mothers (e.g., 5–20) than is sufficient for 
analyses of reproductive span (>40), and the last day of reproduction is less obvi-
ous in these assays; thus the focus is on the number of progeny produced, rather 
than on the mother’s ability to reproduce late in life. Furthermore, most assays of 
progeny production are from self rather than mated conditions, and thus are likely 
to report primarily on sperm number rather than on true reproductive ageing 
(oocyte usage); the daily progeny profile of mated (rather than selfed) hermaphro-
dites is more informative about changes in reproductive capability than that of 
self-fertilized hermaphrodites, but is rarely reported, likely because of the greater 
manual labour involved.
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Reproductive Span Assays Reproductive span (RS) assays measure how long 
each individual mother in a population reproduces [2, 7, 8]. Because the data are 
binary (reproductive vs non-reproductive mothers), the focus of this type of assay is 
the length of time that the mothers reproduce, rather than on the number of progeny 
they produce, analogous to the “live vs dead” assessment in survival analyses. Late 
L4 hermaphrodites are placed on individual plates and transferred every day until 
reproduction ceases for at least 2 days (or are censored due to death, matricide, loss 
from plates, etc.). The data from individuals with the same genotype or treatment 
are then pooled and plotted as “percent reproductive” for each day, analogously to 
traditional lifespan curves. Reproductive span curves can be compared using stan-
dard survival statistical tests such as the log-rank (Mantel-Cox) method [2, 7].

The self-sperm reproductive span assay is commonly used, largely because it is 
easier to perform than mated reproductive spans. However, as noted above, because 
self RS assays measure sperm count, which is not the limiting factor for reproduc-
tive ageing in wild-type C. elegans [4], self-reproductive span is not an accurate 
reflection of C. elegans reproductive ageing. Instead, oocyte quality is the limiting 
factor for normal reproductive span [4], and can only be assessed through mated 
reproductive span assays. Mating with males provides an excess of sperm and sig-
nificantly extends reproductive span [2, 7], as the male sperm “use up” the hermaph-
rodite’s oocytes with age.

The mated reproductive span assay is more laborious than the self-reproductive 
span assay, as it involves mating hermaphrodites with an excess of males on Day 1 
of early adulthood, then transferring the mothers and monitoring the sex ratio of 
progeny to ensure that there was abundant male sperm supply throughout the entire 
reproductive span [2, 7]. Old (Day 10) hermaphrodites whose self-reproduction has 
ceased for several days are able to reproduce again after mating with males [9], sug-
gesting that reproductive cessation in self-fertilized hermaphrodites is caused by 
self-sperm depletion, rather than a bona fide decline in reproductive capability. 
Therefore, although self-reproductive span is often used as a quick and rough esti-
mate of reproductive ageing, mated reproductive span is the most accurate, gold- 
standard measurement of C. elegans reproductive ageing.

Late-Life Cross Progeny Production Hermaphroditic reproductive decline is 
intrinsic and is independent of reproduction early in life (a “usage independent” 
mechanism) [2]. Thus, instead of measuring the entire reproductive span, several 
studies focus only on late-life progeny production. Rather than being mated begin-
ning at late L4 stage, in this case the hermaphrodites are mated later, such as Day 
8 – Day 15 of adulthood. For wild-type hermaphrodites (N2), Day 13 is the latest 
time reported to regain fertility after mating [9]. To assess reproductive capability, 
daily progeny production profiles or total progeny number can be obtained for the 
hermaphrodites after they are mated at various ages with males [2, 9]. Another way 
to quantify late-life reproductive ageing is to calculate the percentage of worms able 
to regain fertility after crossing with males [9, 10]. However, there is a discrepancy 
between the fully-mated reproductive span (hermaphrodites mated on Day 1 of 
adulthood) and late-life cross-fertility. daf-2(e1370) insulin receptor mutants have a 
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greatly extended reproductive span when mated early in adulthood [2, 4, 7, 8]. By 
contrast, Mendenhall et al. reported that the cross-fertility of daf-2 worms is lower 
than that of wild-type controls in late-life mating assays [9]. Additionally, there is 
little overlap between genes that alter reproductive span using a similar late repro-
duction assay in an RNAi screen [11] with those discovered by other genetic meth-
ods. Different physiological states at late age might complicate the assessment of 
reproductive capability. Therefore, although easier to perform, late-life cross prog-
eny production results should be interpreted with caution until the regulatory mech-
anisms have been further explored.

Age-Related Changes in Germ Line and Oocyte Morphology The germline 
undergoes significant morphological deterioration with age (see Chap. 2). In the 
distal germline, ageing causes morphological changes, such as increased appear-
ance of cavities, graininess, and cellularization [4, 12]. The morphology of the prox-
imal germline (i.e., oocytes) also changes with age [4]; in fact, oocyte morphological 
changes are more prominent than germline morphology changes, and correlate well 
with reproductive status [4]. In young hermaphrodites, oocytes are large and tightly 
packed; in old hermaphrodites, oocytes shrink, the contacts between oocytes become 
loose, and some oocytes fuse into large clusters [4, 13]. Additionally, oocytes accu-
mulate carbonylated proteins in the -3 and -4 oocyte, and then are “reset” [14], at 
least in young adults. Genetic mutations that extend reproductive span also signifi-
cantly ameliorate the degradation of germline [4, 12] and oocyte morphology [4]. 
Thus, germline and oocyte morphology are good indicators of oocyte quality and 
reproductive ageing.

Age-Related Chromosomal Abnormalities Chromosomal abnormalities are a 
common feature of female reproductive decline in many species, including humans. 
In C. elegans, DAPI staining of aged oocytes showed that the number of normal 
oocytes with six bivalents decreases significantly with age, but this decline is res-
cued in mutants with extended reproductive span, such as Insulin/IGF-1 and TGF-β 
mutants [4]. In addition to direct imaging of the chromosomes in oocytes, functional 
tests are also good indicators of chromosomal abnormalities. X chromosome loss 
produces males [15], and young self-fertilized hermaphrodites rarely produce male 
progeny, but the fraction of male progeny from old self-fertilized mothers dramati-
cally increases [4]. Although male production is a rapid way to identify X chromo-
somal loss, this method is of course only suitable for self-reproductive assays. On 
the other hand, autosome loss leads to embryonic lethality in both self and mated 
reproduction, and is easily scored (as % unhatched eggs), as well.

Embryonic Lethality Other kinds of oocyte quality declines contribute to embry-
onic lethality as well. Reproductive span extension mutants display decreased and 
delayed embryonic lethality [4, 13]. Many of the genes that are upregulated in 
young and high-quality oocytes are required to prevent embryonic lethality [4]; the 
downregulation of these genes (e.g., cyb-3, smc-4, and E03H4.8) via mutation or 
RNAi treatment of mothers severely increases embryonic lethality [4]. Other genes, 
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such as the DNA repair gene mlh-1, cause embryonic lethality specifically in late 
progeny, suggesting that some processes, including DNA repair, become more 
 crucial in older oocytes [4]. Therefore, counting embryonic death rate (unhatched 
embryos) with age is a simple way to measure reproductive ageing and is compati-
ble with mated reproductive span assays.

Embryonic lethality has also been used to assess the role of apoptosis in repro-
ductive ageing. Physiological apoptosis, which occurs in the germline’s apoptotic 
zone prior to the germ cell nuclei’s cellularization, removes over half of the oogenic 
germ cell nuclei [16], and disruption of this process through apoptosis-defective 
mutants increases embryonic lethality with age, suggesting a role in oocyte quality 
control [13]. Surprisingly, however, neither physiological nor DNA damage-induced 
apoptosis [17] contributes to TGF-β- or IIS-mediated extension of reproductive 
span [4]. Therefore, while apoptosis is necessary for the normal production of 
oocytes, it does not appear to be a critical factor in the slowing of reproductive age-
ing and maintenance of oocyte quality under IIS- or TGF-β signalling of low- 
nutrient conditions.

Fertilization The ability to be fertilized is a critical factor for oocytes in all spe-
cies, and is especially easy to measure in C. elegans: unfertilized oocytes are still 
laid, but are evident as amorphous light “blobs” in contrast to solid eggs. This allows 
relatively easy scoring of infertility with age, particularly in mated assays that have 
excess sperm [4]. This assay revealed that IIS and TGF-β mutants improve the fer-
tilizability of aged oocytes [4].

To summarize, each method described above has its advantages and disadvan-
tages. There is a trade-off between accuracy and manual labour. Progeny profile 
counts focus on early rather than late reproduction, and so are less informative about 
reproductive ageing. Mated reproductive span, which measures the rate of oocyte 
quality decline (the limiting factor for reproductive ageing in both worms and mam-
mals) is the gold standard to study reproductive ageing in C. elegans, but is labour 
intensive compared to self-reproductive spans. Changes in germline and oocyte 
morphology, as well as simple readouts of oocyte quality, particularly embryonic 
lethality, are also good indicators of reproductive ageing, and in some cases can 
identify the particular mechanism of oocyte quality control.

7.4  Conditions, Genetic Pathways, and Tissues That Affect 
Reproductive Span

C. elegans has been a great model for the study of somatic longevity [18] and was 
recently established as a reproductive ageing model, as well. In this section, we will 
introduce various mechanisms of reproductive span extension and discuss recent 
findings on reproductive ageing in C. elegans. We will focus more on the studies 
using mated hermaphrodites, which better mimic reproductive (oocyte) decline in 
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mammalian systems. Several conserved pathways, including Insulin/IGF-1 
Signalling (IIS), Dietary Restriction, and TGF-β signalling, are involved in repro-
ductive ageing regulation, functioning in various tissues. Conditions such as tem-
perature and different bacterial diets can also modulate reproductive decline. We 
will also introduce some studies that do not contain direct reproductive measure-
ments but might have implications for reproductive ageing in C. elegans.

7.4.1  Conditions That Affect Reproductive Span

Mating For wild-type (N2) hermaphrodites, the typical self-fertilized reproductive 
span is about 4 days, with a brood size of 250–300 at 20 °C. Mating with males 
approximately doubles the reproductive span and total progeny produced by the 
hermaphrodites, although the exact number varies [2, 3, 6, 7, 19]. The peak of prog-
eny production is similar between self-fertilized and mated hermaphrodites, at 
around Day 2 – Day 3 of adulthood, with about 110 progeny produced per day [2]. 
Although mating leads to a large extension in reproductive span, it should not be 
interpreted as a method to slow reproductive ageing. Rather, this difference demon-
strates that the reproductive span of self-fertilized hermaphrodites is artificially lim-
ited by the depletion of self-sperm, and therefore significantly underestimates the 
reproductive capability of C. elegans. Additionally, because mated reproductive 
span is much longer, mated reproductive assays could potentially reveal more subtle 
differences in reproductive spans when comparing different mutants or treatments.

Temperature Temperature affects somatic longevity, and the neurons and genetic 
pathways that are necessary for this regulation have been identified: thermosensory 
AFD neurons and the downstream DAF-9/DAF-12 pathway are required in lifespan 
regulation at warm temperature (25 °C) [20]. By contrast, a cold-sensitive TRP 
channel, TRPA-1, is specifically involved in lifespan regulation at 15 °C [21].

Temperature also significantly affects the reproductive span of C. elegans [2]. At 
15 °C, wild-type hermaphrodites have a 29 % increase in mated reproductive span. 
Although the total progeny produced are similar at the two temperatures, there is 
about a tenfold increase in progeny produced after Day 9 compared to worms raised 
at 20 °C, suggesting that temperature affects the rate of oocyte utilization and shifts 
the peak to the right. By contrast, higher temperature (25 °C) causes a 32 % decrease 
in mated reproductive span, a significant reduction in total progeny production, and 
decreased late-life reproduction [2]. However, which mechanism is responsible for 
reproductive span regulation at various temperatures remains to be explored.

Diet
Dietary Restriction (DR) The reduction of dietary intake is known to extend the 
longevity and reproduction of many animals across great evolutionary distances [2, 
8, 22–25]. In C. elegans, several forms of reduced diet, including bacterial depriva-
tion on plates [26, 27], bacterial dilution in liquid cultures [28–30] and on plates 
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[31, 32], and axenic and chemically defined liquid media [33, 34] extend lifespan 
[32], as does intermittent fasting (IF) [35]. Additionally, most of these treatments 
reduce total progeny production. However, many of these direct reductions of bacte-
rial intake have not been tested for their effects on reproductive ageing.

The genetic mutant eat-2(ad465) has been established as a model for DR [36]. 
eat-2 encodes an acetylcholine receptor, and its loss reduces the worms’ ability to 
digest food due to reduced pharyngeal grinding [37]. eat-2 mutants produce fewer 
progeny, but extend mated reproductive span more than 30 %, and increase late-life 
progeny production by five to eightfold [2]. eat-2 and other forms of DR also dra-
matically increase late life cross-fertility. When mated late in life (after Day 13 of 
adulthood), wild-type hermaphrodites no longer produce cross progeny, but eat-2 
mutants can reproduce even when mated at Day 17 of adulthood [9]. eat-2’s 
extended life span depends on the activity of pha-4, a FoxA transcription factor 
[38]; pha-4 is also required for eat-2’s extended reproductive span [7].

Bacterial source: In the lab, C. elegans is typically fed the E. coli strain OP50 
[39], but different bacterial diets have been shown to affect reproduction and fertil-
ity, just as different bacterial diets affect longevity [40, 41] (see also Chaps. 17 and 
18). For example, nuclear hormone receptor nhr-114(lf) mutants are sterile on 
OP50, but fully fertile on HT115 or OP50 + tryptophan, illustrating that amino acid 
sensing affects fertility [42]. More recently, Chi, et al. found that pyrimidine salvage 
pathway-deficient mutants are sterile on OP50, but fertile on HT115 or OP50 + 
uridine(U)/thymidine(T), and that germline proliferation can be modulated by dif-
ferent levels of U/T in food through the GLP-1/Notch pathway [43]. Although nei-
ther study performed reproductive span assays, it is possible that the two nutrient 
sensing pathways, amino acid sensing [42] and nucleotide sensing [43], might be 
involved in reproductive span regulation, in addition to the known glucose/carbohy-
drate sensing of the insulin/IGF-1 pathway [2, 7].

Similarly, Sowa et al. [10] also found that different bacteria diets result in differ-
ent self-reproductive spans, with OP50, the normal laboratory diet, displaying the 
longest RS, and HB101 with the shortest. The downstream genetic pathways are not 
known, and no measurements of oocyte quality were performed, so the effect of 
different bacterial diets on reproductive ageing is unknown. However, the fact that 
sensory neurons are activated differentially by the different bacterial sources sug-
gests that, just as dietary restriction slows reproductive decline [7, 8], differences in 
reproductive span lengths may be the consequence of the animal interpreting the 
nutrient value of a food source, and adjusting its reproductive span (and life span) 
accordingly [44].

C. elegans can also be grown on axenic media [33, 34], but the effects on repro-
ductive ageing have not yet been determined. Axenic cultivation of C. elegans leads 
to reduced brood size, a prolonged reproductive period, and extended lifespan [33, 
34]. However, such reproductive span extension is coupled with the Dietary 
Restriction effect of axenic media, so whether the media itself affects reproductive 
ageing is not yet known.
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Life History
Post-dauer In response to harsh environmental conditions during the first larval 
stage, C. elegans can enter the alternative third larval dauer stage at the second 
moult, and exit dauer arrest and proceed with development to reproductive adult-
hood when favourable conditions resume [45]. A detailed discussion of the dauer 
larva can be found in Chap. 3. Superficially, post-dauer adults (which enter and then 
exit dauer stage) and normally developed adults (which bypass the dauer stage) are 
similar. However, Hall, et al. [47] compared the transcriptomes of age-matched 
young adults that had undergone these two different developmental histories, and 
found that among the differentially expressed genes, the largest group is “reproduc-
tion”. Twenty-three percent of previously identified sperm-enriched genes are sig-
nificantly downregulated in post-dauer animals, and 32% of previously identified 
oocyte-enriched genes are upregulated in post-dauer animals [46, 47]. Post-dauer 
animals have a longer mean life span and produce more self-progeny than controls, 
particularly on later days (Day 3, Day 4) [47]. Since only self-reproductive span 
assays were performed, increased brood size and late progeny production could be 
due to increased spermatogenesis or to improved oocyte quality. Therefore, mated 
reproductive span assays would need to be performed with post-dauer worms to 
determine whether the passing through the dauer stage can actually improve oocyte 
quality and delay reproductive ageing.

ARD (Adult Reproductive Diapause) In addition to the dauer stage, C. elegans 
can also enter the state of adult reproductive diapause (ARD) when starvation is 
induced in the final stage of larval development (L4) [48]. ARD can delay reproduc-
tive onset 15-fold and extend total adult lifespan at least threefold. In starvation- 
induced ARD, the germline is dramatically reduced, and at most one oocyte is 
retained per germline. Upon re-feeding, the shrunken germline regenerates and 
multiple oocytes can re-form. Therefore, viable oocytes are produced even after 
prolonged starvation. ARD dramatically increases the reproductive period and lifes-
pan of worms if eggs or larval stages are considered as time zero. However, mean 
lifespan of animals rescued from ARD after different periods of starvation is similar 
(if time zero is set as the exit from ARD), and the total cross progeny produced after 
ARD recovery is also similar. Therefore, whether ARD is able to extend the abso-
lute reproductive span of gravid adults (i.e., the first egg laid till the last egg laid), 
particularly with mating, is still unknown.

7.4.2  Genetic Pathways That Affect Reproductive Lifespan

Dietary Restriction (DR) DR is a condition that regulates both somatic lifespan 
and reproductive span (see above), and the genetics of this pathway have been stud-
ied, particularly for somatic longevity ([49]; and Chap. 16). While less is known 
about the genetics of DR-mediated reproductive span extension, both eat-2’s lifes-
pan [38] and reproductive span extension [7] are dependent on the FOXA transcrip-
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tion factor PHA-4. Neither the tissue where PHA-4 acts to control reproductive 
span, nor the possible targets of PHA-4 that specifically affect reproductive span 
separately from life span are known yet.

Insulin/IGF-1 Signalling (IIS) Insulin/IGF-1 signalling has been well character-
ized as a longevity regulator in C. elegans as well as other organisms, including flies 
and mice ([50]; and Chap. 4). DAF-2 is the sole insulin/IGF-1 receptor ortholog in 
C. elegans [51], relaying upstream information from about 40 insulin-like peptide 
ligands [52–54] through its downstream kinase cascade, ultimately regulating the 
nuclear localization and activity of the FOXO transcription factor DAF-16 [55, 56]. 
A loss-of-function mutation in the insulin receptor, daf-2(e1370), reduces IIS and 
doubles the lifespan of C. elegans [50]. Reduced insulin signalling promotes nuclear 
localization of DAF-16 and its pro-longevity programme is activated [57, 58]. The 
dramatic lifespan extension of daf-2 loss-of-function mutant is entirely dependent 
on DAF-16 [50].

daf-2(e1370) mutants extend both self and mated reproductive span [2, 4, 8]. 
(Much as weaker alleles of daf-2 and other IIS genes have different effects on lon-
gevity [59, 60], daf-2(m41) and age-1(hx546) did not significantly affect RS [2].) 
Compared to age-matched wild-type worms, old daf-2(e1370) hermaphrodites bet-
ter maintain germline and oocyte morphology, oocyte fertilizability, and late egg 
hatching, indicating that the pathway maintains oocyte quality better with age [4]. 
While DAF-16 acts in the intestine [61] and neurons [62] to regulate lifespan, DAF- 
16 is required in the intestine and muscle to regulate reproductive ageing; this is the 
first report of non-autonomous IIS activity in the muscle [4].

While IIS regulates lifespan exclusively during adulthood, IIS activity in late 
larval development also affects self-progeny production [63], suggesting that the 
timing of IIS activity is also different when regulating somatic and reproductive 
ageing. This finding suggests that although reproduction and longevity are usually 
coupled, and that the germline communicates with the soma to regulate lifespan 
[64], this communication can be uncoupled both temporally and genetically [7]. 
More importantly, the uncoupling of daf-2’s timing of reproductive regulation and 
lifespan regulation implies that there is no obligate “trade-off” in individual prog-
eny production for longevity.

TGF-β Signalling Transforming Growth Factor-β (TGF-β) signalling plays criti-
cal roles in development, physiology, and survival of animals. In C. elegans, there 
are two canonical TGF-β pathways: the Dauer pathway and the Sma/Mab pathway 
[65]. Canonical TGF-β signalling transduction involves two transmembrane Ser/
Thr kinase receptors (type I and type II, forming a heterodimer), several intracellu-
lar Smad signal transducers, and transcription factors/co-factors in the nucleus [65, 
66]. The only component that the two TGF-β pathways share is the type II receptor 
DAF-4. The Dauer and Sma/Mab TGF-β pathways have different roles in regulating 
somatic and reproductive ageing. Loss-of-function mutants in the TGF-β Dauer 
pathway significantly extend lifespan [67], but only very moderately affect repro-
ductive ageing [7, 11], which can be largely explained by an egg-laying defect and 
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the delayed onset of reproduction [7]. By contrast, loss-of-function of all members 
of the TGF-β Sma/Mab pathway substantially extends reproductive span, without 
greatly affecting somatic longevity [7]. Similar to IIS loss-of-function mutants, 
TGF-β Sma/Mab mutants significantly delay deterioration in both germline and 
oocyte morphology and maintain high-quality oocytes in old animals, extending the 
period of reproductive function [4]. The TGF-β Sma/Mab pathway regulates repro-
ductive ageing independently of IIS and Dietary Restriction [7], and acts in the 
hypodermis to regulate reproductive ageing non-autonomously [4].

Interestingly, because the TGF-β mutations that extend reproductive span do not 
extend lifespan, the post-reproductive lifespan of these animals is compressed, and 
the older mothers often die of matricide (or “bagging”), an inability to lay eggs, 
even when still fully reproductive [4]. This may be result of the normal rate of age-
ing in somatic tissues, an uncoupling of somatic and reproductive ageing in the 
TGF-β mutants [44]. These results suggest that the long post-reproductive lifespan 
of wild-type animals may be required for late reproduction in normal hermaphro-
dites, rather than a lab artefact [44].

Other Regulatory Pathways
Serotonin signalling: tph-1 encodes tryptophan hydroxylase, which is essential for 
serotonin synthesis. tph-1(mg280) loss-of-function mutants have a 2-day extension 
of self-reproductive span [68]. It has not yet been shown whether such an extension 
still persists in mated reproductive span assays, or whether this is essentially a case 
of delayed egg-laying [7, 67], which is one role of serotonin signalling [69, 70].

Mitochondrial mutations: Mutations such as clk-1(qm30) and isp-1(qm150) that 
affect mitochondrial function extend lifespan by 20–60 % [71, 72]. clk-1 hermaph-
rodites extend self-reproductive span, but show no extension in mated reproductive 
span, and no increase in late life reproduction was observed, either [2]. isp-1 mated 
hermaphrodites show no reproductive span extension, and total progeny production 
is greatly reduced for both clk-1 and isp-1 mutants [2]. Therefore, mitochondrial 
mutations extend lifespan without a concomitant slowing of reproductive ageing.

Sodium homeostasis: From a genome-wide modified self-reproductive RNAi 
screen, Wang et al. [11] found 19 gene inactivations that also extend late-mated 
reproductive span. Some of these positive hits interact with the previously-described 
reproductive-span regulatory pathways [7, 8], but nhx-2, which has been implicated 
in sodium homeostasis regulation in other systems, acts independently of IIS, TGF- 
β, or DR pathways. Further studies are necessary to determine whether sodium 
homeostasis is responsible for regulating reproductive ageing, and if so, by what 
mechanisms it does so.

Unmapped mutants: In order to discover novel regulators of reproductive ageing, 
Hughes et al. [73] carried out a non-saturating EMS-based chemical screen on 
mated hermaphrodites, and identified several mutants with marginal reproductive 
span extension (am115, am116). Another mutation, am117, had a dramatic 4-day 
(56 %) extension in mated reproductive span compared to wild type, and also sig-
nificantly delayed the age-related deterioration of germline and oocyte morphology. 
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am117 does not act through the IIS pathway, but exhibits phenotypes similar to 
Dietary Restriction mutants. The mutation is positioned on the right arm of chromo-
some I, but the exact location has not yet been mapped [73].

Drugs
Ethosuximide In a screen of drugs that are FDA-approved for human use, the anti- 
convulsant medicine ethosuximide was identified to extend lifespan of C. elegans in 
a dosage-dependent manner [74]. The same lab later found that treatment with etho-
suximide (2 mg/ml) increases adult life span by about 17 %, and has no effect on 
self-fertilized reproductive span, but increases mated reproductive span by 12 %, 
with a seven-fold increase in late-life reproduction [2]. However, ethosuximide’s 
effects on oocyte quality and its interactions with known RS regulatory pathways 
are unknown. Although ethosuximide has been shown to extend lifespan by inhibit-
ing chemosensory function in the nervous system [75], how ethosuximide regulates 
reproductive ageing is still unknown.

Metformin Metformin is commonly used to treat Type II diabetes. 50mM metfor-
min treatment leads to a 40 % median lifespan increase, but maximum lifespan is 
not extended [76]. Metformin at the same concentration also extends self- fertilized 
reproductive span of wild-type hermaphrodites by about 1 day [76]. Although met-
formin has been shown to induce a DR-like state to promote somatic healthspan via 
AMPK, LKB1, and SKN-1 [76], mated reproductive span assays must be done to 
determine whether and how it also regulates reproductive ageing, including the 
downstream genetic pathways, tissues where metformin acts, and downstream 
mechanisms.

Additional screens for drugs that extend reproductive span and more importantly, 
increase oocyte quality maintenance with age, will be aided by the development of 
high-throughput reproduction and progeny production assays, including microflu-
idic approaches. Li, et al. developed one such device to monitor the progeny produc-
tion output and reproductive timing from individual mothers [77]. Scaling up such 
microfluidic approaches will allow high-throughput screens with detailed reproduc-
tive information.

In summary, reproductive timing and maintenance in C. elegans hermaphrodites 
is influenced by various environmental inputs (such as temperature and diet), the 
worm’s life history, and multiple signalling pathways, such as IIS, DR, and TGF-β. 
External signals and signal transduction within the animal require the coordination 
of signalling across different types of tissues, including neurons, hypodermis, intes-
tine, muscle, and germline. It will be beneficial to identify more conditions that 
affect reproductive capability, and additional mutational and small molecule screens 
may identify novel regulators of reproductive ageing. How signals are transduced 
and coordinated between various tissues and under different environmental condi-
tions to influence reproductive ageing are also worth deeper investigation.
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7.5  Comparisons of Reproductive Ageing in C. elegans 
and Humans

Can we apply what we have learned from studying C. elegans reproductive ageing 
to higher animals, in particular, humans? In this section, by comparing and contrast-
ing human and worm reproductive ageing, we will demonstrate that although many 
differences exist, C. elegans and humans have similar reproductive schedules, suffer 
from the same major cause of reproductive decline, share cellular and molecular 
features in reproductive span regulation, display similarities in transcriptional pro-
files, and are regulated by evolutionarily conserved pathways.

7.5.1  Germline Stem Cells

Originally, it was thought that C. elegans could not be used as a model of mamma-
lian reproductive ageing, because it was believed that C. elegans produce oocytes 
continually throughout its life from its pool of germline stem cells, whereas humans 
are born with a finite number of oocytes. However, these long-time assumptions 
have been challenged by studies in both C. elegans and humans. First, if C. elegans 
could continually reproduce, one would predict that later and later mating would 
result in a shift of the peak progeny production to the right; instead, Hughes et al. 
[2] showed that fewer and fewer progeny were produced with later mating, support-
ing a “usage independent” limitation to reproduction [2], and arguing against the 
continuous production of new, usable oocytes. This model was further supported by 
the findings that oocyte quality declines with age, and is the limiting factor for 
mated reproductive span [4]. In humans, oocyte-producing stem cells have been 
found in adult ovaries in women of reproductive-age [78], although how often these 
“oogonial stem cells” (OSC) are used for oocyte renewal is unclear [78]. In any 
case, human reproductive ageing, marked by decreasing rates of fertility and 
increases in miscarriage and birth defects, occurs much earlier than the exhaustion 
of oocyte supply, indicating that oocyte quality rather than germline stem cell pro-
duction or oocyte quantity is the major determinant of reproductive success [79].

7.5.2  Oocyte Quality Is the Limiting Factor for Reproductive 
Span in Worms and Women

Human females and C. elegans hermaphrodites have similar reproductive sched-
ules: they both reproduce until mid-adulthood, and are post-reproductive for their 
remaining lifespan. In both species, oocyte quality decline, rather than oocyte num-
ber, is the limiting factor for reproductive span [4, 79]. Oocyte fertilizability, stress 
resistance, and morphology are compromised in ageing human mothers [80, 81], 
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and the major maternal age-related birth defects are due to chromosomal abnormali-
ties, in particular aneuploidies [79]. C. elegans also exhibits increased chromosome 
nondisjunction rates with age [4, 82, 83], resulting in unfertilizable oocytes, embry-
onic lethal eggs, and increased male progeny production [4]. C. elegans mutants 
with extended reproductive spans, such as daf-2 and sma-2, have significantly 
reduced rates of chromosome nondisjunction [4]. In summary, C. elegans shares 
many major characteristics of age-related oocyte quality decline with humans.

7.5.3  Oogenesis and Cell Cycle Arrest

Worm and human oogenesis share some common features [13]. For example, devel-
oping oocytes in early meiosis share their cytoplasm: young C. elegans oocytes 
reside in a large syncytium, and similarly in the early stages of human follicle devel-
opment, oocyte nuclei are also not separated by membrane boundaries. Additionally, 
in both species, oocytes arrest in prophase of meiosis I and wait for a signal to 
mature. The mechanisms underlying oocyte maturation are highly conserved, 
and programmed cell death is involved in the process in both species [84, 85]. 
Genes that maintain these processes, including cell cycle arrest genes such as cyclin 
b (see above) are required for extended reproductive span, fertilization, and egg 
hatching [4].

7.5.4  Shared Mechanisms Required for Oocyte Quality 
Maintenance

To identify genes required for high-quality oocytes, Luo et al. [4] isolated oocytes 
from young (Day 1), aged (Day 8), and reproductive span mutants (TGF-β sma-2 on 
Day 8) for transcriptional profiling. In contrast to the genes required downstream of 
the IIS pathway for somatic longevity [58], the genes upregulated in the oocytes of 
sma-2 mutants compared to wild-type worms, and in young compared to old wild- 
type oocytes, are not primarily associated with maintenance of protein and cell 
health; instead, genes required for the maintenance of the cell cycle, chromosome 
segregation, chromosome organization, and DNA damage response and repair are 
upregulated [4]. This suggests a focus on processes required for the continued func-
tion of mitotic cells. Additionally, genes associated with mitochondrial function (a 
major factor in continued function of human oocytes with age [86]), transcriptional 
regulation, reproductive processes, and ubiquitin pathway genes are up in high- 
quality oocytes [4].

Remarkably, most of these processes are shared with those found to be down-
regulated in oocytes from older mice [87] and in oocytes from women of advanced 
maternal age [88]. A large proportion of genes significantly upregulated in sma-2 
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oocytes (indicating better, more youthful oocytes) and enriched Gene Ontology 
(GO) terms associated with them are shared with genes and GO terms downregu-
lated in ageing mouse and human oocytes [4, 87, 88]. Even more striking is that 
some of the same genes in the processes of chromosome segregation, cell cycle 
maintenance, and DNA damage response are similarly regulated in the oocytes of 
worms, mice, and humans with age, suggesting that oocyte maintenance genes are 
well conserved and required for oocyte quality regardless of animal or time scale 
(days, months, or years).

Luo, et al. tested 60 of the top-scoring “oocyte quality” genes using RNAi knock-
down, and found that almost half of them were required for hatching. The loss of 
some, such as the condensin SMC-4 and the cell cycle regulator cyclin b (CYB-3), 
caused severe defects in both hatching and fertilization. Others, such as genes 
involved in DNA repair (MLH-1), are required specifically for the hatching of late 
progeny [4], indicating that age-related damage may appear in oocytes even after a 
few days.

7.5.5  Conserved Regulatory Pathways

Insulin/IGF-1 signalling (IIS), TGF-β signalling, and Dietary Restriction (DR) all 
play critical roles in reproductive span regulation in C. elegans. All three pathways 
are evolutionarily conserved and their counterparts have also been shown to be 
involved in human/mammalian fertility [89].

In mice, loss of Foxo3a (the human ortholog of DAF-16) causes age-dependent 
infertility and abnormal ovarian follicular development [90], and Foxo3 overexpres-
sion increases the number of ovary follicles and increases fertility 30–50 % com-
pared to wild-type littermates. At the transcriptional level, the ovaries of aged Foxo3 
transgenic mice also appeared more “youthful” [91]. Additionally, ARHGEF7, a 
gene that interacts with FOXO3, was identified in a GWAS study as a candidate 
gene associated with age at menopause in humans [92]. Therefore, like their roles in 
C. elegans reproductive ageing, IIS and FOXO are also critical for fertility and 
reproductive ageing in higher animals.

Likewise, many TGF-β pathway components have been implicated in mamma-
lian fertility regulation. BMP-15 and GDF-9 participate in the transition from pri-
mordial follicles into growing follicles [93]. SMAD1 and BMPR1 are upregulated 
in aged mouse oocytes [87]. AMHR2 is identified among genes involved in the 
initial follicle recruitment associated with age at menopause [94]. A reduction in the 
expression of genes associated with TGF-β signalling is found in the cumulus cells 
of women 35–36 compared to women under 30; these cells are essential for oocyte 
quality [95].

DR extends both lifespan and reproductive span across species over large evolu-
tionary distances, although usually at the cost of progeny number. DR delays repro-
ductive ageing in C. elegans hermaphrodites [2, 8], female Drosophila [25], and 
female rodents [22–24]. Beyond the fact that PHA-4 is required for the reproductive 
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span extension of eat-2 mutants, less is known about DR-mediated slowing of 
reproductive ageing than that of IIS or TGF-β mechanisms [4]. Studies in C. elegans 
could potentially provide more insight into how DR coordinates with other path-
ways and regulates reproductive ageing in higher animals.

In summary, although C. elegans and humans differ dramatically in the time 
scales of their reproductive spans, oocyte quality decline is the major cause of 
reproductive ageing in both worms and humans. The shared cellular bases of repro-
ductive maintenance, the similarities in age-related changes in oocyte transcrip-
tional profiles, and the evolutionarily conserved genetic pathways that regulate 
reproductive span make C. elegans a good model to study reproductive ageing of 
women. The shorter lifespan and powerful genetic toolset available in worms enable 
deeper and more comprehensive studies of C. elegans’ reproductive ageing regula-
tion. Genome-wide screens could reveal novel regulators of reproductive ageing; a 
significant proportion of them could potentially be evolutionarily conserved, as  
80 % of worm proteins have human homologues [96].

7.6  Reproductive vs Somatic Ageing

In humans and worms, reproductive ageing occurs well before the deterioration of 
other somatic tissues. However, as described in previous sections, somatic and 
reproductive ageing share conserved regulatory pathways, such as Insulin/IGF-1 
signalling and the Dietary Restriction pathway. Therefore, it is reasonable to ask, 
are reproductive and somatic ageing always coupled? How does one affect the 
other? In this section, we will discuss the relationship between reproductive and 
somatic ageing.

7.6.1  Soma-Germline Communication

Germline removal significantly extends the lifespan of C. elegans ([64]; and Chap. 
6). The lifespan-shortening signal of the germline originates from the mitotically- 
proliferating germline stem cells [97], suppressing the dafachronic acid- (DA)/
DAF-12 and DAF-16 longevity-promoting activities in the soma [98]. Germline 
loss also triggers downregulation of the TOR pathway, which in turn stimulates 
autophagy [99]. Several components have been identified in each of the above- 
mentioned pathways involved in germline-mediated longevity regulation [100]. By 
contrast, compared to the extensive knowledge of germline-to-soma communica-
tion, the reverse process, soma-to-germline communication, is less well 
understood.

Luo et al. [4] demonstrated that the TGF-β Sma/Mab and insulin/IGF-1 signal-
ling pathways mediate soma-to-germline communication. Ligands (Insulin-Like 
Peptides, TGF-β DBL-1) are secreted from neurons and mediate signalling to the 
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soma (hypodermis, intestine, and muscle), generating as-yet unidentified secondary 
signals to regulate oocyte quality and reproductive ageing in the germline [4]. 
Nutrient-sensing pathways, including amino acid sensing [42] and nucleotide sens-
ing [43], affect germline proliferation, which are also examples of soma-to- germline 
communication. Further tests must be performed to determine whether reproductive 
ageing is also affected by these nutrient-sensing pathways.

Animals may utilize these sensing pathways to interpret the nutrient value of 
food and adjust their reproductive span accordingly [44]. Further investigation of 
the mechanisms and direct signals from the soma to the germline will provide a bet-
ter understanding of how germline ageing and somatic ageing are coordinated.

7.6.2  The “Disposable Soma” Hypothesis

Is somatic lifespan directly affected by reproduction? In 1977, Kirkwood proposed 
the “Disposable Soma” theory of ageing, stating that there is a trade-off between 
reproduction and somatic longevity, because resources are limited and must be 
divided between reproductive activities and the maintenance of somatic tissue 
[101]. However, several lines of evidence argue against this hypothesis within 
individuals.

• There are no detectable trade-offs between total brood size, self-reproductive 
span, and longevity within populations of self-fertilizing hermaphrodites [102].

• Reducing insulin signalling solely in adulthood allows lifespan extension with-
out a change in brood size [63].

• After mating with males for 5 h, the individual brood size and lifespan of 49 
mated hermaphrodites was recorded [103]; the progeny/oocytes produced ranged 
from 200 to over 1,200, yet no correlation between brood size of the individual 
and lifespan was observed. (It is worth noting that it may be unfair to compare 
the lifespan and brood size of self-fertilized and mated hermaphrodites, because 
male sperm, seminal fluid, and male pheromone are all toxic to hermaphrodites 
[104, 105], thus affecting their lifespan independently of reproduction.)

• Germline removal extends the lifespan of C. elegans; however, when the somatic 
gonad is removed at the same time, also resulting in sterility, lifespan extension 
disappears [64]. Both treatments entirely abolish the worms’ reproduction, but 
the effects on lifespan are opposite, suggesting that active signalling from germ-
line and gonad to the rest of soma, rather than the fertility/sterility status or num-
ber of progeny produced, modulates longevity. Later work identified components 
of these signalling pathways [98, 100, 106]. Similarly, the somatic regulation of 
reproductive ageing can be uncoupled from lifespan [7], suggesting signalling 
rather than resource utilization regulates these decisions.

Therefore, while there are signalling pathways that report on nutrient status and 
adjust progeny production to match resource availability, the usage of resources for 
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reproduction does not appear to directly influence longevity of the individual, argu-
ing against the Disposable Soma hypothesis.

7.6.3  Bloated Soma Theory (Hyperfunction Theory)

The “Hyperfunction” theory was proposed by Blagosklonny as an alternative to the 
disposable soma theory of ageing [107]. This theory states that processes that are 
essential to early life activities, such as growth and reproduction, continue at a high 
level later in life (when they become nonessential), eventually leading to pathology 
and death. Evidence that support this theory includes the fact that overproduction of 
yolk proteins (which are essential for reproduction early in life) after reproductive 
cessation contributes to mortality. The long-lived mutant daf-2 does not produce 
excessive amount of yolk proteins late in life [12, 58, 108], and knocking down 
these yolk proteins extends lifespan [58], whereas overexpressing yolk proteins 
reduces the lifespan of long-lived mutants such as daf-2, eat-2 and glp-1 [109]. 
Recently, more extracellular proteins have been found to accumulate in the uterus 
after reproduction stops, accelerating death [110]. According to this theory, the 
demise of the soma is not caused by poor maintenance, but is due to hyperactivity 
of biosynthesis instead, thus the soma is “bloated” late in life. By this hypothesis, 
delaying reproductive ageing or maintaining reproductive activity late in life would 
reduce the burden of excessive unnecessary biosynthesis (such as yolk), leading to 
longer somatic lifespan. However, a recent proteome study in C. elegans identified 
a slew of age-related changes including decreased levels of ribosomal proteins, 
decreased levels of NADP-dependent isocitrate dehydrogenase (IDH-1) and a 
decreased abundance of the S-adenosyl methionine synthetase (SAMS-1) protein 
[111]. Therefore, hyperactivity of biosynthesis does not always accompany ageing. 
The hyperfunction theory fails to explain why processes that are essential early in 
life decrease with age.

7.6.4  Somatic Reserve Hypothesis

Why might somatic ageing be linked to reproductive ageing, particularly in C. ele-
gans, where reproduction only lasts up to half of the worm’s lifespan? Perhaps the 
answer lies in the somatic limitations to successful reproduction. Age-related inter-
nal hatching (matricide, or “bagging”) is a major cause of death in mated hermaph-
rodites (over 60 %; [112]). The internal hatching rate of mated TGF-β Sma/Mab 
mutants is even higher (90–100 %; [7, 112]). Internal hatching is independent of 
progeny production or the duration of male exposure, and instead reflects the intrin-
sic age-related degeneration of the egg-laying system [4, 112]. C. elegans is an 
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androdioecious species, and the population is dominated by hermaphrodites, which 
reproduce by self-fertilization. Males are usually very rare (less than 0.2 % for the 
standard lab strain N2) [113, 114]. Therefore, the C. elegans hermaphrodite soma 
may be optimized for the self-reproductive mode, although hermaphrodites produce 
male-attracting pheromones once their self-sperm is depleted, promoting late mat-
ing [115, 116]. Mating extends reproductive span, and internal hatching begins after 
the initial self-reproductive span ends (although the peak of reproduction does not 
change compared to self-fertilized hermaphrodites [2]). Very late reproduction may 
last into the worm’s normal onset of mid-life ageing, and internal hatching results 
as the worm’s egg-laying system fails. Internal hatching may be the most obvious 
phenotype of the degenerating soma’s inability to support prolonged reproduction. 
This suggests that, at least in C. elegans hermaphrodites, late reproduction requires 
the condition of the soma to be at a high level, and somatic ageing is due to the lack 
of somatic maintenance once reproduction has ended [44]. Said differently, longev-
ity may be simply the result of the “somatic quality reserve” remaining after the 
cessation of reproduction. Consistent with this idea, in mated worms, a positive 
correlation between lifespan and total progeny produced has been reported indepen-
dently [3, 102], indicating that a stronger soma can better support reproduction. (It 
should be noted that mating with males has complicated effects on hermaphrodites, 
because sperm, male seminal fluid, and pheromone also cause decreased lifespan 
[104, 105].) Normally, internal hatching (matricide) is censored in lifespan assays, 
however, if we also consider it as a form of death, matricide significantly decreases 
hermaphrodites’ post-reproductive lifespan.

Evolutionary selective pressure is high early in life but becomes weak with 
reproductive age. Reproduction occurs right after the maturation to adulthood, and 
successful reproduction is critical to the survival of a species. Therefore, it is not 
surprising that reproduction is under strong evolutionary pressure. Although signal-
ling pathways such as IIS and DR were first identified as somatic longevity regula-
tors and later were found to also be involved in reproductive ageing control, they are 
more likely to have originally evolved to regulate reproduction, with longevity 
effects as a necessary by-product of successfully extended reproduction. In fact, 
reducing IIS activity after the end of reproduction does not lead to increased lifes-
pan [63]. We propose that the soma’s ultimate job is to ensure successful reproduc-
tion, which requires high energy and metabolism, and requires coordination between 
multiple tissues. Performing the job of reproduction also leads to the decline of 
somatic conditions with age. By contrast, simple survival does not require such high 
levels of somatic condition compared to successful reproduction. Therefore, how 
long the post-reproductive lifespan is depends on the difference between the somatic 
condition when reproduction ceases and the minimum requirement before death 
(somatic reserve). The more difficult the production of progeny, the higher the 
somatic quality required to reproduce, and thus, the longer one can survive after 
reproductive cessation  [117]. Therefore, somatic longevity may simply be a conse-
quence of reproductive ageing regulation.
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7.7  Conclusion

In this chapter, we have discussed the current understanding of reproductive ageing 
in C. elegans. Just as in humans, oocyte quality decline is the major cause of repro-
ductive ageing in worms. The shared cellular bases of reproduction, the similarities 
in age-related changes in oocyte transcriptional profiles, the evolutionarily con-
served genetic pathways, as well as its shorter lifespan and powerful genetic toolset 
available in worms make C. elegans a good model to study reproductive ageing of 
women. The proper choice of reproductive ageing measurements, the design of 
mutational and small molecule screens, and the development of automatic high 
throughput assays will lead to the identification of novel drugs and molecular regu-
lators that affect reproductive ageing. Such new discoveries will also increase our 
knowledge of how signals are transduced and coordinated between various tissues 
and under different environmental conditions, which in turn may improve our 
understanding of both reproductive and somatic ageing.
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