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1  |  INTRODUC TION

Dietary restriction (DR) is one of the oldest known and best repli-

cated life extending treatments in animals (Nakagawa et al., 2012; 

Simons et al., 2013). However, both its physiology and evolution-

ary biology remain hotly debated (Adler & Bonduriansky, 2014; 

McCracken, Adams, et al., 2020; Moatt et al., 2020; 

Piper et al., 2023). Given our incomplete understanding of DR and 

the intensity of study it continues to receive, it is perhaps unsur-

prising that with certain regularity studies report that DR is not 

extending lifespan and attribute this to certain circumstances, ei-

ther genetic or environmental (Harper et al., 2006; Ja et al., 2009; 

Liao et al., 2010). Such studies can be interesting, but can also be 

distracting to the field if overinterpreted.
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Abstract
1. Dietary restriction (DR) has been consistently shown to extend lifespan across a 

range of taxa. However, it has recently been reported that DR does not extend 

lifespan at certain, namely lower, temperatures in flies (Drosophila melanogaster). 

Similar to the interpretation of other findings that appear to question DR's uni-

versality, this finding has been interpreted as suggesting that lifespan extension 

in response to DR is an artefact of benign laboratory conditions.

2. We re- test this hypothesis, now using a strain that shows robust lifespan ex-

tension at 25°C (across three prior experiments), and using a range of five diets 
across two temperatures, 18°C and 21°C.

3. We found the DR longevity response to be robust, extending lifespan irrespective 

of temperature. We measured fecundity as a positive control for the DR pheno-

type, and found, as predicted, that DR reduces egg laying.

4. We suggest differences in experimental setup, genetic lines used and variation in 

the diet- lifespan reaction norm are responsible for this discrepancy. In addition, 

starting with a strain and conditions that show a lifespan extension by DR, as 

we do here, and then changing environment and/or genotype promises a more 

robust test of DR modulating factors.

5. In conclusion, it will be important for results that question DR as a phenotype 
to not be overinterpreted readily, as with a substantially larger sample size and a 

larger range of diets we were unable to replicate this prior work.
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We recently argued that an absence of a DR response can be due 

to shift in reaction norm rather than a change in the dose–response 

(Simons & Dobson, 2023). Although this point has been made by 

us and others (Flatt, 2014; Tatar, 2011) misinterpretations are still 

made. If, for example, an environmental condition shifts the over-

all nutritional requirement of an organisms but does not change the 

shape of the dose–response, premature death due to malnutrition 

can readily occur at DR diets that would otherwise extend lifespan. 

These interactions can also be more complicated with environmen-

tal conditions increasing the requirement of a key nutrient that is in 

short supply in the DR diet, leading to a truncation of lifespan, even 

though the restriction of this key nutrient is not causal in the DR lon-

gevity phenotype. Careful consideration of a range of diets can thus 

be crucial when concluding environmental or genetic conditions ne-

gate the DR response (Simons & Dobson, 2023).

Moreover, DR can arguably only be interpreted as absent when in 

the same study routine conditions result in a robust and repeatable 

DR phenotype. A recent example of DR not extending lifespan of 

flies (Drosophila melanogaster) at lower temperatures has been inter-

preted as DR being a lab artefact with low temperature interpreted 

as representing stressful conditions (Zajitschek et al., 2023). There 

are several questions that can be posed to this study, for example: 

why did DR not extend lifespan at the most regularly used lab tem-

perature of 25°C in females, the most studied sex in this paradigm? 
Why did lifespan become truncated at low temperatures under DR? 
Why, if low temperatures induce ‘stress’, did flies show high levels of 

fecundity at those temperatures?
These questions largely involve interpretation of these findings. 

We also sought to question whether a strain that in our hands shows 

consistent and robust lifespan extension at DR at the arguably stan-

dard temperature of 25°C, showed no such response at lower tem-

peratures (18°C and 21°C). We suggest the most reasonable test of the 
hypothesis posited by this recent work questioning DR, is to start with 

a strain that reliably and repeatedly shows DR under standard tem-

peratures to then test whether lower temperatures negate the DR re-

sponse. We use substantially larger sample sizes per treatment group 

(N is between 253 and 505 females) compared to the work that led to 
this hypothesis (N = 100) (Zajitschek et al., 2023). We further used a 

broad range of five diets to be able to distinguish a shift from a change 

in shape of the DR lifespan reaction norm (Simons & Dobson, 2023).

We find that DR extends lifespan consistently across three sepa-

rate experiments at 25°C. We further find that DR extends lifespan 
irrespective of temperature (18°C and 21°C) and that its effect is 
highly quantitatively similar across temperatures even though lower 

temperatures, as expected, increased lifespan substantially.

2  |  METHODS

2.1  |  Fly husbandry and diets

The ywR lab strain of Drosophila melanogaster was used for all exper-

iments (Wessells et al., 2004). The yellow (y) and white (w) mutants 

were part of the first studies of cross- over and genetic mapping 

at the start of the previous century (Morgan, 1915; Muller, 1916; 

Sturtevant, 1915). This stock itself is thus likely considerably old 

and inbred. Any genetic stock has the propensity to diverge, how-

ever, hence we provide our best provenance of this strain here. 

We obtained the strain from Marc Tatar, who obtained this strain 

as detailed in the cited paper (Wessells et al., 2004). All flies were 

cultured on rich yeast media [8% autolyzed yeast, 13% table sugar, 

6% cornmeal, 1% agar, nipagin 0.225% (w/v), propanoic acid 0.4% 
(v/v)]. Cooked fly media was stored for up to 2 weeks at 4–6°C, and 
warmed to 25°C before use. For all experimental diets (to which no 
propanoic acid was added), all components of the fly food media 

remained consistent but the amount of yeast was varied (2%, 4%, 

6%, 8% and 10% yeast), representing a spectrum of rich to restricted 

diets (McCracken, Buckle, et al., 2020; Simons & Dobson, 2023). For 

experimental diets, 8% yeast is the standard ad libitum diet used by 

the laboratory and 2% is the standard restricted diet used. Research 

conducted with invertebrates such as Drosophila does not require 

ethical approval.

2.2  |  Demography protocol

Bottles of 10–12 females and 3–4 males per bottle were set up, al-

lowing for 2 days egg laying before flies were removed to control 
growing density (Linford et al., 2013). The F1 generation from these 

bottles were transferred to new mating bottles as they eclosed and 

left to mate for 2 days. Newly eclosed offspring were transferred 
every day to generate age matched cohorts. After mating, offspring 

were anaesthetised using CO2 (Flystuff Flowbuddy; <5 L/min), fe-

males were sorted into groups of 70–100 and put into purpose- 

built demography cages (Good & Tatar, 2001; McCracken, Adams, 

et al., 2020), in which experimental diets were started. The cage 

design allowed for easy removal of dead flies and changing of fly 

food vials with minimal disruption to the population of flies. Every 

other day, food vials were replaced for each cage and a census of the 

flies was conducted. Any dead flies were counted and removed from 

the cage. Any escaped flies, or flies stuck to the fly food were right 

censored. Once sorted into cages, flies were housed in temperature- 

controlled incubators with humidity provided by large trays of water 

at either 21°C or 18°C (~60% humidity, 12:12 light–dark cycle). 

For experiments conducted at 25°C, cages were kept in a climate- 
controlled room (60% humidity, 12:12 light–dark cycle) and the same 

census protocol was followed.

2.3  |  Egg counting

Food vials were taken from demography cages 36 and 40 days after 
the experiments started, ages determined to be roughly a midpoint 

in the lifespan of the fly populations at the highest yeast diets. Eggs 

laid in the vials, constituting 2 days of egg laying, were counted man-

ually under a light microscope.
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    |  3PHILLIPS and SIMONS

2.4  |  Data analysis

Lifespan data were analysed using time- to- event mixed- effects Cox 

proportional hazard models, with demography cage as a random 

term (R package: coxme; function: coxme), to correct for uncertainty 

of pseudo replicated effects within cages (Therneau et al., 2003). 

The interaction between temperature and diet was fitted to test for 

differential effects of diet on mortality depending on temperature. 

Egg laying was analysed using linear models for each measurement 

time point separately. Egg counts were divided by the total females 

in the cage at the time of fecundity measurement to correct for dif-

ferences in mortality.

2.5  |  Sample size and level of inference

We wish to test DR in flies and measured egg laying and lifespan. 

These experiments were done at large sample sizes and with mated 

female flies in groups in cages (included as random term in ‘coxme’, 

Table 1).

3  |  RESULTS

First we wanted to confirm that we used a strain responsive to DR 

at the lab standard 25°C. In a strain (ywR), we have used extensively 
before (Drake & Simons, 2023; Gautrey & Simons, 2022) we found 

a significant DR longevity response in three other separate (before 

unpublished) experiments we previously conducted (p < 0.0001; 

Table 2). These experiments compared 2% yeast (our standard 

DR diet) to 8% yeast (the standard ad libitum diet used by our lab) 

(McCracken, Buckle, et al., 2020) (Figure 1). There is no difference in 

how we ran these experiments, other than that they were conducted 

at different times, in the same laboratory, using the same protocol 

(see methods). The response to DR varied slightly but significantly 

across these experiments (Chisq = 22.3, df = 2, p < 0.0001, Table 2).

We then took this same strain and tested the DR response 

across five diets (2%, 4%, 6%, 8% and 10% yeast, keeping all 

other ingredients the same) at two temperatures 18°C and 21°C. 
We found the DR longevity response across both temperatures 

(p < 0.0001, Figure 2). Furthermore, there was no evidence that 

the diet effect was influenced by temperature (Chisq = 1.83, 
df = 4, p = 0.77), and effects of diet were largely similar (Table 3; 

Figure 2a,b). The benefit of using multiple diets here is that it al-

lowed us to see if there was a change in shape of the reaction or 

merely a shift. The result shows a remarkable similarity in reaction 

(Table 3; Figure 2a) that is not changed in shape or shifted across 

the x- plane. The mere difference is an overall effect of tempera-

ture that causes a longer lifespan.

TA B L E  1  Sample sizes and scale of inference.

Scale of inference

Scale at which 
the factor of 
interest is applied Number of replicates

Individual lifespan Individuals and 

Cage

1566 individuals at 18°C 
across 5 diets with 4 
cages per diet

2435 individuals at 21°C 
across 5 diets with 6 
cages per diet

566 individuals at 25°C 
across 2 diets with 5 
cages per diet

934 individuals at 25°C 
across 2 diets with 5 
cages per diet

2420 individuals at 25°C 
across 2 diets with 14 

& 15 cages per diet

Individual egg laying Cage 49 cages

5 diets

4 cages per diet (3 for one 

diet) at 18°C

6 cages per diet at 21°C

TA B L E  2  DR extended lifespan across three different replicate 
experiments in ywR flies.

Experiment logHR of DR (SE) p N

A −2.68 (0.07) <0.0001 2420

B −2.04 (0.13) <0.0001 566

C −2.36 (0.09) <0.0001 934

Note: Log hazard estimates (logHR, with their standard error, SE) 

reported from separate models for each experiment as we found slight 

differences in the response to DR across these experiments, which 

is expected even in replication due to small variations in unknown 

experimental factors (Simons & Dobson, 2023).

F I G U R E  1  Kaplan–Meier plot combining survival curves of three 
separate experiments, each using ywR flies on 8% and 2% yeast 

diets and kept at 25°C (N = 3920 females total).
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4  |    PHILLIPS and SIMONS

DR is classically associated with a decline in reproduction and is 

often used as a convenient readout to distinguish between a rescue 

from overfeeding and a true DR response (Gautrey & Simons, 2022; 

Grandison et al., 2009; McCracken, Buckle, et al., 2020). For this 

reason, we measured egg laying at two time points during middle 

age (ages 36–41 to 40–45 days). We found no interaction between 
diet and temperature at either time point (p = 0.33–0.76) nor a main 
effect of temperature (p = 0.08–0.94). Higher yeast concentrations 
were associated with higher egg laying (p < 0.0001) and at the lowest 
yeast diet, on which flies also lived the longest (Figure 2), flies laid 

the fewest eggs (Figure 3).

4  |  DISCUSSION

Our results unambiguously reinforce that DR can reliably increase 

lifespan in flies at standard laboratory conditions across different 

temperatures. As such, our work fits with earlier work that used a 

combination of life- extending treatments, including temperature 

and DR, and found them to be largely additive (Kim et al., 2020; 

Shaposhnikov et al., 2022). Our findings and this prior literature con-

tradict those of a recent study (Zajitschek et al., 2023) and counter 

their argument that DR constitutes a laboratory artefact.

Those authors (Zajitschek et al., 2023) considered 25°C to be a 
low temperature for flies as it is lower than the ambient temperature 

in the climate of origin for the species. However, most experimental 

lines of flies will have been inbred or bottlenecked for many years 

under laboratory conditions, often at 25°C. The precise original cli-
mate of the specific strain used is thus unlikely to still be physiolog-

ically relevant. Notably, heatshock protein expression is present at 

benign temperatures (25°C) in Drosophila, with responses differing 

between lines (Bettencourt et al., 1999) and species (Kristensen 

et al., 2002; Sørensen et al., 2019). It is unclear therefore why lower 

temperatures should necessarily be interpreted as stressful (as is 

done in Zajitschek et al., 2023). For example, low temperatures in-

crease lifespan (Mair et al., 2003) and at very low temperatures dia-

pause is induced which results in mortality amnesia. Flies that are 

put at 25°C after a period in diapause resume their mortality tra-

jectory as if they were in suspended animation (Tatar & Yin, 2001). 

In Zajitschek et al. (2023), it is further reported that egg laying is 

highest at relatively lower temperatures, again suggesting that these 

temperatures are not necessarily stressful, even under their labora-

tory conditions, especially because these are also at the tempera-

tures that their flies lived the longest.

Moreover, genetic variation inherent in this ‘outbred’ line can 

lead to unexpected variation in the population reaction norm to diet 

F I G U R E  2  (a) Median lifespan and 95% CIs of yw Drosophila fed diets with a range of yeast concentrations, kept at 18°C or 21°C. 
Respective Kaplan–Meier plots, showing survival rates of the different diet treatment groups at (b) 18°C or (c) 21°C. N = 4001 females total; 
253–505 per diet.
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    |  5PHILLIPS and SIMONS

if genotypes present within the stock have different dose- responses 

to diet (Simons & Dobson, 2023). The simplest form that this can 

take is that some individuals in the population start to show mal-

nutrition and die prematurely whilst others are at their DR lifespan 

optimum. Although here we only use a single inbred strain, we have 

shown previously that reaction norms to DR differ between strains 

(McCracken, Buckle, et al., 2020). Thus, when an environmental ef-

fect on DR is tested it can be argued that a single inbred strain is a 

more sensitive test, as G × E can cancel out or dampen effects. Such 
considerations are especially important when DR is not clearly ob-

served in the inbred or outbred strain used at 25°C (the temperature 
flies are commonly grown at and the temperature at which DR is 

mostly studied), as in Zajitshek et al., imposing a substantial possible 
confound to their work.

In conclusion, perhaps certain aspects of the experiment by 

Zajitschek et al. were not fully permissive of DR, leading to their 
finding that DR could not be found at certain temperatures. These 

factors include diet (Simons & Dobson, 2023) and it is worth noting 

that the diets used by Zajitschek et al. are richer in yeast than those 
we used here. Their standard diet contains the same amount of yeast 

as the richest diet used in our study. That a clear positive control, 

namely DR extending lifespan consistently, is missing, further limits 

what we can interpret from this prior study.

Our work here, supported by prior published work by others (Kim 

et al., 2020; Shaposhnikov et al., 2022), does not support the inter-

pretation that DR is a lab artefact and that DR would therefore not 

extend lifespan in the wild (Zajitschek et al., 2023). Even though con-

ditions, environmental or genetic, that modulate the DR response 

are a valuable tool toward understanding the DR response and age-

ing more generally (Simons & Dobson, 2023), it deters progress if 

such contrary findings are overinterpreted. Such interpretation 

becomes especially distracting when it includes broader ecological, 

evolutionary and physiological relevance when these consequences 

are in fact not directly studied.
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Log HR of 2% 
(DR) Log HR of 4% Log HR of 6%

Log HR of 
10% N
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p < 0.0001

−0.76 (0.21)
p = 0.0004

0.27 (0.21)

p = 0.20
1566

21°C −2.02 (0.16)
p < 0.0001

−1.16 (0.15)
p < 0.0001
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p < 0.0001
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2435
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TA B L E  3  DR extends lifespan across 
both temperatures in ywR flies.

F I G U R E  3  Mean egg production per fly across 2 days on 
different yeast diets, at two different time points [Mean ages of (a) 

39 days and (b) 43 days]. N = 49 demography cages respectively per 
time point. Letters (a, b and c) indicate significant differences based 

on post- hoc t- tests.

 1
3

6
5

2
4

3
5

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://b
esjo

u
rn

als.o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/1

3
6

5
-2

4
3

5
.1

4
5

6
3

 b
y

 T
est, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

9
/0

4
/2

0
2

4
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n

 W
iley

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



6  |    PHILLIPS and SIMONS

Sciences Springboard Award (the Wellcome Trust, the Government 

Department of Business, Energy and Industrial Strategy (BEIS), the 

British Heart Foundation and Diabetes UK; SBF004\1085). EJP is sup-

ported by the NERC ECORISC DTP.

CONFLIC T OF INTERE ST STATEMENT
The authors declare no competing interests.

DATA AVAIL ABILIT Y STATEMENT
Data available from the Dryad Digital Repository: https:// doi. org/ 

10. 5061/ dryad. fttdz 091j.

ORCID
Mirre J. P. Simons  https://orcid.org/0000-0001-7406-7708 

R E FE R E N C E S
Adler, M. I., & Bonduriansky, R. (2014). Why do the well- fed appear to 

die young?: A new evolutionary hypothesis for the effect of dietary 
restriction on lifespan. BioEssays, 36(5), 439–450. https:// doi. org/ 

10. 1002/ bies. 20130 0165
Bettencourt, B. R., Feder, M. E., & Cavicchi, S. (1999). Experimental 

evolution of HSP70 expression and thermotolerance in Drosophila 

melanogaster. Evolution, 53(2), 484–492. https:// doi. org/ 10. 1111/j. 

1558-  5646. 1999. tb037 83. x
Drake, E. D., & Simons, M. J. P. (2023). Stochasticity explains nongenetic 

inheritance of lifespan and apparent trade- offs between reproduc-

tion and aging. Aging Biology, 1, 1–6.

Flatt, T. (2014). Plasticity of lifespan: A reaction norm perspective. 

Proceedings of the Nutrition Society, 73(4), 532–542. https:// doi. org/ 

10. 1017/ S0029 66511 4001141
Gautrey, S. L., & Simons, M. J. P. (2022). Amino acid availability is not 

essential for life- span extension by dietary restriction in the fly. The 

Journals of Gerontology: Series A, 77, 2181–2185. https:// doi. org/ 10. 

1093/ gerona/ glac100

Good, T. P., & Tatar, M. (2001). Age- specific mortality and reproduction 

respond to adult dietary restriction in Drosophila melanogaster. 

Journal of Insect Physiology, 47(12), 1467–1473. https:// doi. org/ 10. 

1016/ S0022 -  1910(01) 00138 -  X

Grandison, R. C., Piper, M. D. W., & Partridge, L. (2009). Amino- acid imbal-

ance explains extension of lifespan by dietary restriction in Drosophila. 

Nature, 462(7276), 1061–1064. https:// doi. org/ 10. 1038/ natur e08619

Harper, J. M., Leathers, C. W., & Austad, S. N. (2006). Does caloric re-

striction extend life in wild mice? Aging Cell, 5(6), 441–449. https:// 

doi. org/ 10. 1111/j. 1474-  9726. 2006. 00236. x

Ja, W. W., Carvalho, G. B., Zid, B. M., Mak, E. M., Brummel, T., & Benzer, 
S. (2009). Water-  and nutrient- dependent effects of dietary restric-

tion on Drosophila lifespan. Proceedings of the National Academy 

of Sciences of the United States of America, 106(44), 18633–18637. 

https:// doi. org/ 10. 1073/ pnas. 09080 16106 

Kim, K. E., Jang, T., & Lee, K. P. (2020). Combined effects of temperature 

and macronutrient balance on life- history traits in Drosophila mela-

nogaster: Implications for life- history trade- offs and fundamental 

niche. Oecologia, 193(2), 299–309. https:// doi. org/ 10. 1007/ s0044 

2-  020-  04666 -  0

Kristensen, T. N., Dahlgaard, J., & Loeschcke, V. (2002). Inbreeding af-

fects Hsp70 expression in two species of Drosophila even at benign 

temperatures. Evolutionary Ecology Research, 4, 1209–1216.

Liao, C. Y., Rikke, B. A., Johnson, T. E., Diaz, V., & Nelson, J. F. (2010). 

Genetic variation in the murine lifespan response to dietary restric-

tion: From life extension to life shortening. Aging Cell, 9(1), 92–95. 
https:// doi. org/ 10. 1111/j. 1474-  9726. 2009. 00533. x

Linford, N. J., Bilgir, C., Ro, J., & Pletcher, S. D. (2013). Measurement of 

lifespan in Drosophila melanogaster. Journal of Visualized Experiments, 

71, 1–9. https:// doi. org/ 10. 3791/ 50068 
Mair, W., Goymer, P., Pletcher, S. D., & Partridge, L. (2003). Demography 

of dietary restriction and death in Drosophila. Science, 301(5640), 
1731–1733. https:// doi. org/ 10. 1126/ scien ce. 1086016

McCracken, A. W., Adams, G., Hartshorne, L., Tatar, M., & Simons, M. 

J. P. (2020). The hidden costs of dietary restriction: Implications 

for its evolutionary and mechanistic origins. Science Advances, 6(8), 

eaay3047. https:// doi. org/ 10. 1126/ sciadv. aay3047

McCracken, A. W., Buckle, E., & Simons, M. J. P. (2020). The relationship 

between longevity and diet is genotype dependent and sensitive 

to desiccation in Drosophila melanogaster. Journal of Experimental 

Biology, 223(23), jeb.230185. https:// doi. org/ 10. 1242/ jeb. 230185
Moatt, J. P., Savola, E., Regan, J. C., Nussey, D. H., & Walling, C. A. (2020). 

Lifespan extension via dietary restriction: Time to reconsider the 

evolutionary mechanisms? BioEssays, 42(8), e1900241. https:// doi. 

org/ 10. 1002/ bies. 20190 0241

Morgan, T. H. (1915). The role of the environment in the realization 
of a sex- linked Mendelian character in Drosophila. The American 

Naturalist, 49(583), 385–429. https:// doi. org/ 10. 1086/ 279491

Muller, H. J. (1916). The mechanism of crossing- over. IV. The American 

Naturalist, 50(595), 421–434. https:// doi. org/ 10. 1086/ 279553
Nakagawa, S., Lagisz, M., Hector, K. L., & Spencer, H. G. (2012). 

Comparative and meta- analytic insights into life extension via di-

etary restriction. Aging Cell, 11(3), 401–409. https:// doi. org/ 10. 

1111/j. 1474-  9726. 2012. 00798. x

Piper, M. D. W., Zanco, B., Sgrò, C. M., Adler, M. I., Mirth, C. K., & 
Bonduriansky, R. (2023). Dietary restriction and lifespan: Adaptive 

reallocation or somatic sacrifice? The FEBS Journal, 290(7), 1725–
1734. https:// doi. org/ 10. 1111/ febs. 16463 

Shaposhnikov, M. V., Guvatova, Z. G., Zemskaya, N. V., Koval, L. A., 
Schegoleva, E. V., Gorbunova, A. A., Golubev, D. A., Pakshina, N. 

R., Ulyasheva, N. S., Solovev, I. A., Bobrovskikh, M. A., Gruntenko, 

N. E., Menshanov, P. N., Krasnov, G. S., Kudryavseva, A. V., & 

Moskalev, A. A. (2022). Molecular mechanisms of exceptional lifes-

pan increase of Drosophila melanogaster with different genotypes 

after combinations of pro- longevity interventions. Communications 

Biology, 5(1), 566. https:// doi. org/ 10. 1038/ s4200 3-  022-  03524 -  4
Simons, M. J. P., & Dobson, A. J. (2023). The importance of reaction 

norms in dietary restriction and ageing research. Ageing Research 

Reviews, 87, 101926. https:// doi. org/ 10. 1016/j. arr. 2023. 101926

Simons, M. J. P., Koch, W., & Verhulst, S. (2013). Dietary restriction of 

rodents decreases aging rate without affecting initial mortality 

rate—A meta- analysis. Aging Cell, 12(3), 410–414. https:// doi. org/ 

10. 1111/ acel. 12061 

Sørensen, J. G., Giribets, M. P., Tarrío, R., Rodríguez- Trelles, F., Schou, M. 

F., & Loeschcke, V. (2019). Expression of thermal tolerance genes 

in two Drosophila species with different acclimation capacities. 

Journal of Thermal Biology, 84, 200–207. https:// doi. org/ 10. 1016/j. 

jther bio. 2019. 07. 005
Sturtevant, A. H. (1915). The behavior of the chromosomes as stud-

ied through linkage. Zeitschrift für Induktive Abstammungs—Und 

Vererbungslehre, 13(1), 234–287. https:// doi. org/ 10. 1007/ BF017 

92906 

Tatar, M. (2011). The plate half- full: Status of research on the mecha-

nisms of dietary restriction in Drosophila melanogaster. Experimental 

Gerontology, 46(5), 363–368. https:// doi. org/ 10. 1016/j. exger. 2010. 

12. 002

Tatar, M., & Yin, C.- M. (2001). Slow aging during insect reproductive 

diapause: Why butterflies, grasshoppers and flies are like worms. 

Experimental Gerontology, 36(4), 723–738. https:// doi. org/ 10. 1016/ 

S0531 -  5565(00) 00238 -  2
Therneau, T. M., Grambsch, P. M., Shane Pankratz, V., & Shane Pankratz, 

V. (2003). Penalized survival models and frailty. Journal of 

 1
3

6
5

2
4

3
5

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://b
esjo

u
rn

als.o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/1

3
6

5
-2

4
3

5
.1

4
5

6
3

 b
y

 T
est, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

9
/0

4
/2

0
2

4
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n

 W
iley

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



    |  7PHILLIPS and SIMONS

Computational and Graphical Statistics, 12(1), 156–175. https:// doi. 

org/ 10. 1198/ 10618 60031365
Wessells, R. J., Fitzgerald, E., Cypser, J. R., Tatar, M., & Bodmer, R. (2004). 

Insulin regulation of heart function in aging fruit flies. Nature 

Genetics, 36(12), 1275–1281. https:// doi. org/ 10. 1038/ ng1476

Zajitschek, F., Zajitschek, S. R. K., Vasconcelos, A. C. O., & Bonduriansky, 
R. (2023). Dietary restriction fails to extend life in stressful envi-

ronments. Functional Ecology, 37(9), 2459–2470. https:// doi. org/ 10. 

1111/ 1365- 2435. 14389 

How to cite this article: Phillips, E. J., & Simons, M. J. P. 

(2024). Dietary restriction extends lifespan across different 

temperatures in the fly. Functional Ecology, 00, 1–7. https://

doi.org/10.1111/1365-2435.14563

 1
3

6
5

2
4

3
5

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://b
esjo

u
rn

als.o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/1

3
6

5
-2

4
3

5
.1

4
5

6
3

 b
y

 T
est, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [2

9
/0

4
/2

0
2

4
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n

 W
iley

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se


	Dietary restriction extends lifespan across different temperatures in the fly
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Fly husbandry and diets
	2.2|Demography protocol
	2.3|Egg counting
	2.4|Data analysis
	2.5|Sample size and level of inference

	3|RESULTS
	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


