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1  | INTRODUC TION

Sperm function is essential to male reproduction—only normal and 
functional sperm can successfully compete with rival sperm, fertilize 
the egg and pass on their genomes to the next generation. Sperm 
function is influenced by genetic factors, but also by lifestyle and 
other environmental factors (review Reinhardt, Dobler, & Abbott, 
2015), notably diet. For example, the dietary ratio of proteins to car-
bohydrates affected male fertility in cockroach (Bunning et al., 2015) 
and mice (Solon-Biet et al., 2015), and vitamin supplementation 

increased sperm motility in boar and chicken (Eid, Ebeid, & Younis, 
2006; Marin-Guzman, Mahan, & Whitmoyer, 2000), or increased 
sperm competitiveness in crickets (Almbro, Dowling, & Simmons, 
2011). The diet's fat content or composition also affects sperm 
parameters. For example, sperm concentration and total count in 
humans (Jensen et al., 2013) and sperm motility in rats (Femandes 
et al., 2011; Ferramosca, Conte, Moscatelli, & Zara, 2016) were 
reduced after consumption of more saturated fat. Sperm competi-
tiveness increased in guppies (Rahman, Gasparini, Turchini, & Evans, 
2014) with higher concentration of polyunsaturated fatty acids 
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Abstract
Dietary fatty acids can accumulate in sperm and affect their function in vertebrates. 
As Drosophila melanogaster shares several pathways of lipid metabolism and shows 
similar lipid-dependent phenotypes but lacks some hormones that in vertebrates 
regulate lipid metabolism, there is currently no clear prediction as to how dietary 
fatty acids affect the sperm of D. melanogaster. We manipulated the amount and 
identity of dietary polyunsaturated fatty acids (PUFA) in the food of D. melanogaster 
males (a treatment known to affect membrane fluidity) and measured changes in 
sperm parameters. We found that (a) males reared on food containing PUFA-rich, 
plant-derived lipids showed a slower increase in sperm volume over male age com-
pared to males reared on yeast-derived lipid food which is richer in saturated fatty 
acids. (b) The resistance of sperm membrane integrity to osmotic stress was not al-
tered by dietary lipid treatment, but (c) food containing yeast-derived lipids induced 
a 46% higher in situ rate of production of reactive oxygen species in sperm cells. 
These findings show that dietary lipids have similar effects on sperm parameters in 
Drosophila as in vertebrates, affect some, but not all, sperm parameters and modulate 
male reproductive ageing. In concert with recent findings of sex-specific seasonal 
variation of diet choice in the wild, our results suggest a substantial dietary impact on 
the dynamics of male reproduction in the wild.
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(PUFA), whereas sperm motility increased in sheep (Samadian et al., 
2010), but decreased in rainbow trout (Vassallo-Agius, Watanabe, 
Yoshizaki, Satoh, & Takeuchi, 2001) under these conditions, inde-
pendent of any possible indirect effects of obesity (which is also as-
sociated with reduced fertility).

Studies linking lipids and fertility mechanistically were so far 
mainly carried out in vertebrates and the extent to which their 
findings apply to invertebrates is unclear. Given similar membrane 
properties, lipid metabolism and metabolic phenotypes in flies and 
vertebrates (Carvalho et al., 2012; Gáliková & Klepsatel, 2018), lip-
ids may be predicted to affect male fertility also in invertebrates, 
such as by improved sperm membrane fluidity after consumption of 
PUFA. On the other hand, differences in the blood–testis barrier, 
or different hormones affecting spermatogenesis that are produced 
from dietary lipid sterol precursors, such as testosterone, make it 
possible that some aspects of dietary lipids may not translate into 
fertility in invertebrates. We detail some of these aspects below.

In addition to lipids representing an energy source for sperm 
(Aziz et al., 1983; Lardy & Phillips, 1941; Mita & Yasumasu, 1983; 
Takei, Fleming, & Yanagimachi, 1984), dietary fats may act on sperm 
function in several ways. First, dietary lipids comprise sterols, which 
are the main building blocks for biological membranes and lipo-
proteins (Liu & Huang 2013) and affect their fluidity (Connor et al., 
1998; Juan & Bayard, 1995; Carvalho et al., 2012; Brankatschk et al., 
2018). Since animals, plants and fungi have very different sterols and 
because different sterols affect membrane properties differently 
(Czub & Baginski, 2006; Grosjean, Mongrand, Beney, Simon-Plas, 
& Gerbeau-Pissot, 2015), diet generally affects membrane compo-
sition and fluidity (Brankatschk et al., 2018; Carvalho et al., 2012) 
but also the fatty acid (FA) profile of sperm and the reproductive 
tract (Safarinejad, 2011; Comhaire et al., 2000; Knittelfelder et al., 
2019). Therefore, the sperm membrane fluidity can reasonably be 
expected to be affected by dietary lipids in both vertebrates and in-
vertebrates. However, whether any of the differences in sperm mo-
tility or competitiveness mentioned above (Femandes et al., 2011; 
Ferramosca et al., 2016; Rahman et al., 2014; Samadian, Towhidi, 
Rezayazdi, & Bahreini, 2010; Vassallo-Agius et al., 2001) relate to 
membrane fluidity is unknown.

Second, in addition to the effect of specific sterols, membrane 
fluidity is also strongly determined by the degree to which FA are 
saturated or unsaturated, a ratio that is related to diet. Briefly, FA 
are carbon chains with a carboxyl group (COOH) at one end and a 
methyl group (CH3) at the other. The carbon chain can be saturated 
(no double bonds), or unsaturated with one (MUFA), or more, dou-
ble bonds (PUFA). PUFA are further classified into omega-3 (n-3), 
omega-6 (n-6) and omega-9 (n-9) PUFA based on the distance of 
the closest double bond to the first methyl group, which is called 
omega. Both vertebrates and invertebrates have limited abilities to 
introduce unsaturation into fatty acids, and unsaturated FA must be 
taken up by diet. For example, D. melanogaster lacks desaturating 
enzymes and so can only synthesize saturated FA or MUFA (Shen 
et al., 2010). Unsaturated FA are taken up from dietary plant mate-
rial, whereas fungal FA are also generally more saturated (Carvalho 

et al., 2012; Brankatschk et al., 2018; Knittelfelder et al., 2019). 
Hence, one can predict that D. melanogaster fed a plant-based diet 
rich in PUFA should have sperm with relatively more fluid, that is 
elastic membranes. Because PUFA are required for spermatogenesis 
(Laurinyecz et al., 2016; Roqueta-Rivera, Abbott, Sivaguru, Hess, & 
Nakamura, 2011), one may further predict that a PUFA-rich diet will 
accelerate sperm production.

Third, specific dietary lipids (sterols) are important precursors for 
different hormones (Lavrynenko et al., 2015) and some of these may 
affect sperm function. This again will be expected to differ with an-
imals consuming either a plant, fungal or animal diet. However, spe-
cific predictions as to the direction of an alteration of sperm function 
will be difficult.

Finally, a fourth important route how diet may affect sperm func-
tion relates to another aspect of the concentration of PUFAs. Sperm 
membranes are known to possess high levels of PUFA, which makes 
them particularly susceptible to lipid peroxidation by reactive oxy-
gen species (ROS), which in turn may lead to sperm dysfunction and 
male infertility (Gharagozloo & Aitken, 2011; Lenzi, Picardo, Gandini, 
& Dondero, 1996). However, the time course of these pathological 
ROS effects depends, among other factors, on an animal's condition, 
the antioxidant removal ability, the degree to which sperm use oxida-
tive phosphorylation for energy production and the internal oxygen 
concentration (Reinhardt, 2007). This complex of factors currently 
prevents us from making directional predictions. We, therefore, de-
cided to measure the in situ production of ROS empirically.

Here, we employed a protocol of dietary lipid manipulation in 
D. melanogaster that previously has been shown to alter membrane 
composition, membrane properties as well as female reproduc-
tion and survival (Carvalho et al., 2012; Brankatschk et al., 2018; 
Knittelfelder et al., 2019). We reared D. melanogaster males on a 
diet that contained either few or many PUFA and either plant- or 
fungus-based sterols. We examined the effects of this dietary ma-
nipulation on three important male reproductive parameters—sperm 
volume, sperm membrane integrity and sperm ROS production.

2  | MATERIAL S AND METHODS

2.1 | Diets and fly stock

Two diets, henceforth called plant food, or PF, and yeast food, or YF, 
that differed in lipid and fatty acid composition were used (Carvalho 
et al., 2012). Their recipe and composition are given in Tables S1 and 
S2. Briefly, PF contained four times more lipids overall than YF, and 
its fatty acids are longer and more unsaturated and contains phytos-
terols such as sitosterol, campesterol or stigmasterol, whereas YF 
contains fungal sterols, such as ergosterol (Table S2) (Carvalho et 
al., 2012; Knittelfelder et al., 2019). The diets are nearly isocaloric at 
800 kcal/L (Table S1) and reflect natural differences between growth 
on fresh fruit in the early season (PF), and the yeasts and other fungi 
associated with rotten fruit in later season (YF) (Brankatschk et al., 
2018; Knittelfelder et al., 2019).
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Drosophila melanogaster, collected in Australia in 2010 (Dowling, 
Williams, & García-Gonzaléz, 2014), were obtained in 2013 (from D. 
Dowling, Monash University) and kept in our laboratory since then 
in large outbred populations. A continuous supply of virgin males 
reared on PF and YF from the egg stage was generated as follows. 
Fifteen females and fifteen males were placed for eight hours in 
a 20-ml vial filled with 7 ml PF or YF to allow mating. Thereafter, 
males and female were transferred to a new 20-ml vial to lay eggs 
for one day before being discarded. Virgin males were continuously 
collected for 4 days and maintained in groups of 20 individuals with 
PF or YF at 25°C and 65% relative humidity on a 12:12-hr L:D cycle. 
The collection day when virgin males were recorded as day 1 and 
male age were calculated correspondingly when they were used in 
the study.

2.2 | Sperm volume

Eight virgin males each kept in sexual isolation for 5, 7, 10, 15, 25 or 
45 days in preassigned cohorts were dissected in 10 µl of phosphate-
buffered saline (PBS) on a microscopy slide. One of the two sperm-
containing seminal vesicles was transferred to 2 µl of ddH2O on a 
new slide. It was placed between two transparent bands of defined 
height taped to the slide (tape bridge). An image of the sperm vesicle 
was first taken under 35x magnification using a stereoscope with 
inbuilt camera (Leica 2000). Thereafter, a cover slip was placed on 
the tape bridge of the slide, touching the vesicle to guarantee the de-
fined height and sperm was allowed to squeeze out. A second image 
was taken after sperm had evacuated from the vesicle for 300 s. This 
time was chosen because the released sperm mass did not become 
larger after that time. The area of the sperm vesicle and sperm mass 
after evacuation were measured with ImageJ (Schneider, Rasband, 
& Eliceiri, 2012). Both indicators of sperm volume were highly cor-
related (Figure S1).

2.3 | Sperm osmotic stress resistance

Following Eckel, Guo, and Reinhardt (2017), we measured osmotic 
stress resistance. Fifteen 28-day-old virgin males per treatment 
were dissected in 10 µl of ice-cold Grace's medium. One of the two 
seminal vesicles was transferred to 12 µl of osmotic stress medium 
(Grace's medium diluted 1:5 in ddH2O). Sperm was stained immedi-
ately with 0.5 µl of 2 µM SYBR14 (1:50 in DMSO) and 1 µl of 2.4 mM 
propidium iodide (LIVE/DEAD Sperm Viability Kit, Thermo Fisher 
Scientific) and covered with a cover slip. An image of one haphazardly 
selected area of the sperm sample was taken at 400× magnification 
(Leica DMi8 fluorescence microscope, Leica, Germany) immediately 
and then 5, 15 and 30 min later from exactly the same field of vi-
sion. The fluorescence and other light sources were switched off be-
tween measurements. The numbers of live sperm (with green heads) 
and dead sperm (with red or partly redheads) in each image were 
counted by eye. We examined the change in the proportion of live 

sperm over time in the stress medium as an indicator of membrane 
resistance to osmotic stress (Eckel et al., 2017).

2.4 | Sperm ROS production

In order to measure the production of reactive oxygen species in 
the sperm, we used time-resolved microfluometry. This method 
measures the fluorescence decay times (fluorescence lifetime) of 
individual molecules of the probe 1-Pyrene butyric acid (PBA) after 
excitation with a nitrogen laser (266 nm) and averages them (Oter 
& Ribou, 2009; see Ribou & Reinhardt, 2012; Reinhardt & Ribou, 
2013 for previous applications to insect sperm). This method is rec-
ommended for ROS measurements as it circumvents several disad-
vantages of other established methods that are based on measuring 
fluorescence intensity (Berezin & Achilefu, 2010; Ribou, 2016). For 
example, because lifetimes of individual molecules are measured, 
our signal is independent of cell number and of intracellular cellular 
probe density (Oter & Ribou, 2009). In addition, the lifetime of PBA 
decreases proportionally with the increase in the cellular concen-
tration of oxygen radicals (Berezin & Achilefu, 2010; Oter & Ribou, 
2009; Ribou, 2016). Finally, the probe lifetime is affected by small, 
paramagnetic ROS species such as superoxide (O2−) but not by oth-
ers, such as the hydrogen peroxide (H2O2), to which most radicals are 
rapidly converted within seconds to minutes. Therefore, this method 
provides a measure of in situ (i.e. <20-min half-life) ROS production.

Ten YF and eleven PF males, 35-day-old, were dissected in 20 µl 
of phosphate-buffered saline (PBS). One seminal vesicle was trans-
ferred to a separate drop of 20 µl of PBS and punctured with a fine 
insect pin to release the sperm. Most PBS was carefully removed 
by pipetting and immediately 20 µl of 2.5× 106 mM PBA added. 
After eight minutes of incubation, sperm were washed 5–10 times 
with PBS before being assayed as described above and previously 
(Reinhardt & Ribou, 2013; Ribou & Reinhardt, 2012). Six reads of 
PBA fluorescence decays were taken and spread across different 
locations of the sperm mass. Background was accounted for by 
measuring an area of the slide containing PBS buffer, but no sperm, 
before the first and after the final reading. As both blank readings 
were similar, the first reading was used and deducted from the life-
time measures taken of the sperm samples. The relative rate of ROS 
production across samples was calculated using the Stern–Volmer 
equation (Ribou & Reinhardt, 2012).

2.5 | Effect of treatment on body size

We measured wing size (Reeve, 2000) and thorax length (Wilkinson, 
Fowler, & Partridge, 1990) as indicators of adult body size. Wings 
were dissected from 13-day-old males (N = 15 each), placed in tubes 
with 70% ethanol and, to remove stains, washed four times with 
70% ethanol. The fifth wash was with 50% glycerol, whereafter the 
wings were mounted on glass slides and fixed on one end with nail 
varnish. Images of wings were taken in black and white mode under 
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50× magnification using a DMi8 fluorescent microscope (Leica, 
Germany). The area where veins intersected with the boundary was 
measured using ImageJ (Schneider et al., 2012) (Figure S2). Thorax 
length of a different set of 13-day-old males (N = 16 for PF and 
N = 15 for YF) was measured by anesthetizing males with CO2 and 
taking images of males that were placed fully parallel to the white 
pad plane (see supplements, Figure S2). The distance between the 
base of the most anterior humeral bristle and the tip of the scutellum 
was measured (Figure S2). Both measures of body size were highly 
correlated although less so for YF than PF (Figure S2).

2.6 | Statistical analysis

Data analyses were performed in R (version 3.3.3, R Development 
Core Team, 2016) using linear model approaches containing diet, 
male age (ordinal factor) and its interaction as fixed factors for 
sperm volume. Sperm ROS production data were fitted into a linear 
mixed model with diet as fixed factor and male ID as random factor 
to account for the six measurements per male. Sperm osmotic stress 
resistance was modelled using a generalized linear mixed model 
(GLMM; binomial distribution) with the lme4 package (Bates et al., 
2014). The response variable, the proportion of live and dead sperm 
were created with the cbind function (number alive| number dead). 
Diet, time (ordinal factor) and its interaction were entered as fixed 
factors, and male ID as a random factor into the analysis. To correct 
for overdispersion of the data, image ID was added as random fac-
tor (Browne, Subramanian, Jones, & Goldstein, 2005). Significance 
of factors and interaction terms was evaluated with type 3 ANOVA 
function in the car package (Fox & Weisberg, 2011). Type 3 ANOVA 
was used because the sample size in sperm volume and ROS assay 
was not entirely balanced (Table S3). For wing size and thorax length, 
Welch's two-sample t tests were performed to examine significance 
of difference. Effect sizes were calculated for all models. Briefly, 
Cohen's d was calculated for ROS production assay whereas eta 
squared (i.e. the proportion of variation accounted for correspond-
ing effects in the models) was calculated for sperm volume and os-
motic stress resistance assays.

3  | RESULTS

Sperm volume at day 25 did not significantly differ between PF and 
YF males (t11,286 = −0.801, p = .440, effect size: d = 0.399), but the in-
crease in sperm volume with male age was faster in the YF than in PF 
treatment (diet x age interaction, F5,81 = 2.899, p = .018, effect size: 
η2 = 0.042) (Figure 1). The effects were strong and in PF compared 
to YF males amounted to only half and two thirds at days 10 and 
15, respectively, of the sperm volume above the 5 days of threshold 
(Figure 1). Sperm osmotic stress resistance did not differ between 
treatments as shown by the similar slope (diet x time interaction, 
χ
2

3
 = 0.210, p = .976, effect size: η2 = 0.001) (Table S4, Figure S3). The 

fluorescence lifetime of PBA was 9.76 ns shorter in the sperm of YF 

than PF males (χ2
1
 = 46.223, p < .001, effect size: d = 2.177, Figure 2), 

corresponding to a 46.27% higher rate of in situ ROS production. 
None of the differences between dietary treatment levels were 
likely indirectly caused by body size differences because body size 
did not differ significantly between treatments (thorax length PF: 
0.837 ± 0.008 mm, YF: 0.835 ± 0.008 mm, t24,469 = 0.200, p = .843; 
wing size PF: 7,453.350 ± 54.810 µm2, YF: 7,441.580 ± 54.810 µm2, 
t28,992 = 0.152, p = .881).

F I G U R E  1   The temporal change in sperm volume in relation 
to dietary lipids in Drosophila melanogaster. Sperm volume was 
measured as the area of the sperm mass at defined height. Males 
reared on plant food rich in polyunsaturated fatty acids (PUFA) 
are represented by green symbols, males reared on yeast food rich 
in saturated fatty acids and poor in PUFA, are shown in orange 
symbols. Dark symbols are mean ± SE, lighter symbols showing the 
underlying individual data points from each male

F I G U R E  2   Change in the production of reactive oxygen 
species (ROS) in Drosophila melanogaster sperm in relation to 
diet. The concentration in ROS was measured by a change in the 
fluorescence decay (fluorescence lifetime) of the cell-permeable, 
ROS-sensitive probe 1-Pyrene butyric acid (PBA). Larger lifetimes 
correspond to lower ROS concentration. Note the method is 
insensitive to hydrogen peroxide and, therefore, does not measure 
ROS accumulation but in-situ production. Males reared on plant 
food rich in polyunsaturated fatty acids (PUFA) are represented 
by green symbols, males reared on yeast food rich in saturated 
fatty acids and poor in PUFA, are shown in orange symbols. Dark 
symbols are mean ± SE, lighter symbols showing the underlying 
individual data points from each male
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4  | DISCUSSION

We found that dietary fatty acids affected sperm production in 
D. melanogaster, specifically males on a diet containing more PUFA 
and fewer saturated fats took longer to produce an equivalent 
amount of sperm than males on a diet with fewer PUFA. We found 
no difference in membrane resistance to an osmotic challenge and a 
substantially larger in situ ROS production in males consuming fewer 
PUFA.

The fact that YF (low-PUFA) males of D. melanogaster were 
faster to produce a given amount of sperm is in contrast to results 
showing higher sperm counts in crayfish or boar after consuming 
a PUFA-rich diet (Harlioğlu et al., 2013; Lin et al., 2016), but not all 
studies agree (Byrne et al., 2017). One explanation might be the 
temperature dependence of the PUFA effect. Our flies were kept 
at 25°C, a temperature where YF flies show a reproductive advan-
tage compared to PF individuals (Brankatschk et al., 2018). If, at this 
temperature, reproduction is condition-dependent, then the lower 
sperm production of PF males over YF males is perhaps a general ex-
pression of lower condition. One testable prediction from the study 
by Brankatschk et al. (2018) would be that at lower temperature, 
YF males might be disadvantaged and PF males 'catch up' with or 
outperform YF males. Regardless of the precise mechanism, at the 
25°C that our experiment ran, dietary PUFA are unlikely to affect 
sperm numbers in D. melanogaster via any of the PUFA benefits that 
accelerate spermatogenesis (Laurinyecz et al., 2016; Roqueta-Rivera 
et al., 2011).

Our data do not support a dietary PUFA benefit to sperm mem-
brane fluidity and flexibility (Stanley & Kenneth, 1983; Connor et al., 
1998; Juan & Bayard, 1995; Brankatschk et al., 2018) either. We pre-
dicted that an increased availability of PUFA, that makes membranes 
more fluid (Hazel, 1995, Holmbeck & Rand 2015; Brankatschk et al., 
2018), to PF males would make their sperm membranes more elastic. 
We expected sperm cells to be more resistant to an osmotic stress 
that would lead to expansive forces on the cell membrane. It is un-
clear why we instead found no difference across diets in membrane 
integrity. A previous study employing this assay had used distilled 
water (Eckel et al., 2017), whereas in our study we used a slightly 
more osmotic solution of 1:5 diluted Grace's medium. Perhaps this 
small difference might have blurred any difference. On the other 
hand, at least one study showed that an increased PUFA concen-
tration increased the susceptibility to stress after cryopreservation 
(Pustowka, McNiven, Richardson, & Lall, 2000). Such susceptibility 
is generally assigned to the high levels of PUFA observed in sperm, 
compared to other cells, and the resulting accelerated lipid peroxi-
dation by reactive oxygen species (ROS) (e.g. Gharagozloo & Aitken, 
2011; Lenzi et al., 1996). It would be interesting to see whether, and 
over which time course, the fluidity benefit of PF sperm might be 
outbalanced by a PF peroxidation disadvantage, thus leading to a 
lack of visible differences between treatments. A final possibility 
why there were no differences in stress resistance between YF and 
PF sperm may be that fluid membranes are particularly beneficial 
during sperm motility but not during our assay that did not involve 

motility. Several examples of PUFA benefits indeed relate to sperm 
motility (Femandes et al., 2011; Ferramosca et al., 2016; Samadian et 
al., 2010) or sperm competitiveness (Rahman et al., 2014).

What is clear from our study is that the PUFA disadvantage of 
ROS susceptibility does not apply to intracellular oxidative stress. We 
found YF, not PF, sperm to produce more intracellular ROS. This is, 
to our knowledge, the first demonstration of dietary lipids affecting 
the rate of sperm ROS production and so we cannot compare our re-
sults. However, we wish to point out that it cannot be explained by a 
better radical scavenging activity of PUFA-rich membranes because 
our method measured the amount of ROS generated, that is before 
any scavenging would take place. Increased ROS production may have 
been caused by a malfunctioning electron transfer chain, which can 
indeed be related to the possibility that less fluid mitochondrial mem-
branes allow more proton leakage and hence more ROS. However, 
currently it is unknown to what extent Drosophila sperm metabolize 
by oxidative phosphorylation (which produces ROS)—a recent study 
(Wetzker & Reinhardt, 2019) found Drosophila sperm to be highly gly-
colytic (which does not lead to ROS production).

Our work linking dietary lipids and male fertility is likely to have 
relevance beyond mere mechanistic explorations in the laboratory 
environment. A recent study (Knittelfelder et al., 2019) showed that 
adult D. melanogaster altered their dietary preferences in the wild 
and that the dietary lipids of adult flies altered the lipid signature in 
the membrane within one to two weeks. Because D. melanogaster 
males continuously produce sperm and because we show diet-based 
differences in sperm production, it is likely that seasonal changes in 
food preference identified by Knittelfelder et al. (2019) will trans-
late into seasonal changes in sperm production. However, even more 
interesting, this will not be a simple dynamic following seasonal 
temperature changes because the lipid uptake did not follow a stoi-
chiometric pattern: PF sterol taken up with diet replaced YF sterols 
(ergosterol) in the membranes of the reproductive tract of YF males, 
but YF sterols did not replace existing PF sterols (sitosterol and 
campesterol) (Knittelfelder et al., 2019). This asymmetry is unlikely 
caused by biochemical constraints because the YF/PF sterol replace-
ment was symmetrical in female reproductive tracts (Knittelfelder et 
al., 2019). We may, therefore, speculate about an adaptive benefit 
to males of preventing the replacement of their PF sterols. It is clear 
that this benefit does not relate to sperm production because here 
YF males performed better. It remains to be seen whether the mark-
edly reduced ROS production might constitute such a benefit. What 
is certain is that this system is highly dynamic because Knittelfelder 
et al. (2019) also showed that males, unlike females, did not take up 
more PF during periods of lower temperature in the wild.

In conclusion, we show that dietary lipids affect sperm function, 
especially sperm metabolism, in D. melanogaster, as in vertebrates 
(Ferramosca, Moscatelli, Giacomo, & Zara, 2017). Future studies will 
have to genetically target those enzymes in Drosophila that were acti-
vated in mice after PUFA supplementation (Ferramosca et al., 2017): 
sperm enzymes involved in glycolysis, tricarboxylic acid cycle and the 
respiration chain and that reduce oxidative damage and explore the 
exciting dynamics of dietary lipid uptake and fertility in the wild.
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