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Urban diet as potential cause of low body fat content in female ant sexuals
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Abstract

Urban habitats represent an important challenge for many organisms. Besides the abiotic changes, urban habitats 
are also characterized by changes in the biotic conditions, such as a more uniform species composition and declining 
population sizes. For urban ants, this can result in dietary shortages. In our study, we tested whether urban ant colo-
nies of the widespread species Lasius niger might suffer from dietary restrictions by carrying out a common garden 
experiment in which ant colonies from urban and rural habitats were exposed to high carbohydrate, protein, and fat + 
protein diets. We also investigated the body fat content of individuals from both habitat types. Our findings suggest a 
lower availability of high-quality carbohydrates in urban areas. Additionally, while not statistically significant, rural 
colonies tended to consume greater quantities of proteins and fat compared with urban colonies. This trend was in line 
with a higher body fat content observed in female sexuals (gynes) from rural colonies. These results might indicate the 
outcome of an evolutionary feedback process in which ant colonies adapt to nutritional constraints in urban environ-
ments. They achieve this by minimizing the investment in gynes, which might require fewer reserves for survival during 
colony foundation due to reduced competition for nesting sites within urban green spaces. Moreover, our results also 
suggest that the nutritional shortages might be connected to arthropod population decline in urban habitats due to the 
impact of nutritional shortages in the reproductive capacity in females of species with narrower ecological plasticity.
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Introduction
During the last decades, urban ecology has received an 
increasing interest in the scientific community. Several 
studies have demonstrated how the anthropogenic trans-
formation of the habitat has caused numerous behavioural 
and physiological changes in organisms (Ditchkoff & al. 
2006, Calfapietra & al. 2015, Brans & al. 2018, Łopucki 
& al. 2021, Jacquier & al. 2023, Trigos-Peral & al. 
2024; among others). The best-known consequences of 
urbanization are the biotic homogenization of the habitat 
and the establishment of invasive species (Vilà & al. 2011, 
Trigos-Peral & al. 2020, 2021, Brassard & al. 2021). 
Both affect species composition and habitat-niche parti-
tioning, thereby triggering additional alterations in the 
local ecological networks. For example, the decrease in the 
availability or quality of food sources can disrupt fragile 
food webs (Shrewsbury & Raupp 2006, Qu & al. 2021), 

influence food size preferences (Chen & Neoh 2023), and 
threaten the survival of species.

Low nutritional quantity and quality negatively affect 
growth, behavioural performance, reproduction, immu-
nological defence, and lifespan (e.g., Spann & Schumann 
2009, McWilliams 2011, Simpson & Raubenheimer 
2012, Nwaogu & al. 2020, Shik & Dussutour 2020, 
Abellán & al. 2023), and thus endanger the survival of 
both species of plants and animals. Also, scarcity and 
low quality of nutrition particularly challenge organisms 
with low mobility, in which the chances of moving to new 
areas to find more suitable food sources are limited. For 
example, most ants are central-place foragers and their 
foraging efficiency is influenced by the distance between 
their stationary nest and the food source (Devigne & De-
train 2006). Though many ant species have adapted to the  
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ecological conditions in urban areas (Brassard & al. 
2021), the potential nutritional deficiencies in this habitat 
type (Gaber & al. 2024) might nevertheless influence in-
dividual survival or brood development and consequently 
affect colony growth.

Ants obtain essential micronutrients, such as vitamins, 
salts, amino acids, or lipids, by consuming macronutrients 
from plant and animal sources. They gain proteins, fat, 
and salts by hunting or feeding on cadavers, and in many 
species, carbohydrates and essential amino acids are 
provided in secretions from aphids (honeydew) (Csata & 
Dussutour 2019). Honeydew is an easily accessible nutri-
tional source due to the ubiquitous and cosmopolitan dis-
tribution of aphids (Alyokhin & al. 2022). Several aphid 
species appear to benefit from urban habitats, in which the 
number of their predators may be substantially reduced 
(Korányi & al. 2021). Nevertheless, honeydew compo-
sition heavily relies on the aphid species, the host plant 
species, and its nutritional state (Douglas 1993, Fischer 
& al. 2005, Leroy & al. 2011). As a consequence, the nu-
tritional choice for ants can be highly variable depending 
on the landscape structure, since more complex habitats 
would offer a richer nutritional choice due to the higher 
diversity of both aphid species and host plants (Douglas 
1993, Barczak & al. 2021). Moreover, the decline of the 
biotic diversity in urban habitats is not exclusively linked 
to plant composition, but it extends to a wide range of 
groups, which can be translated into a reduction in the po-
tential prey for ants like springtails or other soil-dwelling 
arthropods (Vergnes & al. 2014, Chatelain & al. 2023) 
or soil fungi (Newbound & al. 2010, Abrego & al. 2020). 
Therefore, a combined effect of the biotic decline and the 
potential impoverishment of aphid honeydew may jeop-
ardize the variety and quality of the diet available for ants.

In addition to carbohydrates and proteins, lipids are 
also important macronutrients (Blüthgen & Feldhaar 
2009), which influence the growth and survival of ant 
colonies. Ants can obtain fatty acids either directly from 
their diet or synthesise them from carbohydrates (Heath 
& Rock 2002). Lipids stored in the fat body of insects are 
crucial in numerous physiological processes. For example, 
they increase resistance to starvation (Dussutour & al. 
2016), stimulate egg development (Legaspi & Legaspi 
1998, Legaspi & O’neil 1994), and affect the division of 
reproductive labour in queenless ants (Bernadou & al. 
2022).

We therefore hypothesize that urban habitats represent 
an important challenge to the survival of ant colonies due 
to the potentially reduced quantity and quality of available 
natural food sources (e.g., Kaspari & al. 2008, Bujan & 
Kaspari 2017, Kaspari & al. 2020). In a common garden 
study, we compared the foraging preferences of the ant 
Lasius niger (Linnaeus, 1758) from rural areas and urban 
parks to determine whether there is a nutritional shortage 
in the city and how it impacts ant colonies. Specifically, 
we investigated i) whether urban and rural colonies differ 
in their preference for three types of diet with different 
carbohydrate, protein, and fat content, and ii) if workers 

and female sexuals (gynes) from the two types of habitats 
differ in body fat content.

Material and methods

Habitat selection
The study was carried out in July 2021 using colonies of 

Lasius niger collected in three urban areas and three rural 
areas (free of human influence) in the in the surroundings 
of the city (Tab. S1, as digital supplementary material 
to this article, at the journal's web pages). The selected 
urban and rural areas shared rather similar landscape 
composition. Both habitat types consisted of large lawns 
lacking trees and bushes or, if present, in low numbers 
and far distant. The urban areas were urban parks located 
in the city centre of Warsaw, Poland, and submitted to 
human pressures (leisure activities and management, i.e., 
recreational areas or mowing). On the contrary, the rural 
areas were natural and seminatural located outside of the 
city boundaries, which lacked management and where 
human presence was scarce and sporadic. Although a 
plant biodiversity study was not carried out, the lawns in 
urban areas were much more homogeneous than in rural 
ones, which showed an evidently higher species richness 
of herbaceous plants.

Food source choice and consumption
Three colony fragments in each of three urban and three 

rural areas (a total of 18 colony fragments) were collected at 
each sampling area over three consecutive days (one urban 
and one rural area each day). The original colonies were 
located at a minimum distance of 300 m from each other. 
A colony fragment consisted of a minimum of 500 workers, 
a few hundred larvae, and a few dozen pupae of gynes and 
workers (distinguished by size and shape). The identifica-
tion of the species was confirmed at the laboratory, using 
a Leica MZ16 stereomicroscope (Heerbrugg, Switzer-
land) and following the keys in Czechowski & al. (2012).

Immediately after collection, two experimental col-
onies consisting of 150 workers each were set up from 
each fragment. Brood was not included since it would 
have influenced both the food selection and the amount 
consumed depending on their developmental status, 
which could not easily be standardized (Dussutour & 
Simpson 2008). The workers were placed in small plastic 
containers (18 cm × 12 cm × 6 cm) with a humid piece 
of sponge covered by a dark plastic plate serving as a 
nest. Each container was connected to three different 
foraging arenas (10 cm × 6.5 cm × 5 cm) via silicone tubes. 
The 36 experimental colonies were deprived of food for 
one day, while the ants remaining in the 18 original 
fragments were provided ad libitum with honey-water, 
mealworms, and Drosophila sp. (Fabricius, 1787) until 
they were used in the later experiments (Czechowski &  
Pisarski 1992).

After starving the experimental colonies for one day, 
the nutrition choice experiment was started by placing a 
feeder (a plastic plate of 3 cm diameter) with a different 
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type of food (carbohydrates, protein, and fat + protein) into 
each foraging arena. The carbohydrate source was a satu-
rated sucrose solution (1 M), the protein was canned tuna 
packed in its juice, and the fat + protein source was canned 
tuna in soybean oil (Tab. S2). To avoid differences in food 
retrieval caused by different food consistency, both protein 
and fat + protein were blended using mineral water (the 
same as the one used for the sucrose solution) to achieve 
a liquid consistency similar to the carbohydrate solution. 
After placing the food sources, the access to the arena was 
opened and the feeding activity of ants was recorded for 
half an hour using a video camera (Sony HDR-AS20 Full 
HD, Tokyo, Japan). Food sources were placed randomly 
across the observations.

One week later, the experiment was repeated to de-
termine whether food preferences were consistent or 
changed after ad libitum feeding in the laboratory. The 36 
experimental colonies were maintained at room tempera-
ture (approximately 24 °C) under a natural light regimen 
and fed ad libitum by providing new feeders with freshly 
prepared carbohydrates, protein, and fat + protein diets 
randomly each day. After one week, the colonies were 
starved again for one day, and then the food preference 
experiment was repeated.

To estimate the ants’ food choice (interest), the videos 
were analysed and the total number of ants present in the 
whole area of each foraging arena was manually counted 
every five minutes (a total of seven counting times from 
0 min to 30 min). To determine how much food was con-
sumed by the ant workers, the amount of each type of 
food placed in the feeders was weighed before and after 
each observation using a laboratory balance (Ohaus Scout 
SKX123, Nänikon, Switzerland; error: ± 1 mg).

Body fat content and gyne size
To test if body fat content differed between urban 

and rural populations of Lasius niger, five gynes and ten 
workers were collected from five nests each located in the 
three urban parks and rural areas that had been sampled 
for the food choice experiment (Tab. S1). All individuals 
were collected in one sampling day. Nests from the same 
collecting site were located at a minimum distance of 300 
m from each other. Samples were collected shortly before 
the massive nuptial flight of L. niger, which occurs in mid-
July in Poland (Van der Have & al. 2011; G.T.-P., unpubl.). 
Therefore, it can be assumed that all gynes collected for 
this experiment were produced approximately at the same 
time since gynes that had been produced earlier should 
have already abandoned the nest during previous small 
nuptial flights (G.T.-P., unpubl.). Each collected individ-
ual was placed in an individually labelled 2 ml vial and 
frozen at -25 °C. To determine whether the differences 
in fat content reflected differences in the food consumed 
in the two different habitat types or differences in the 
genetic background of the two populations, the body fat 
content in gynes and workers, hatched and reared in the 
laboratory, was additionally measured. The colonies used 
for these measurements were collected one month earlier 

as their workers were used in the previous food choice 
experiment. As mentioned above, they were kept in the 
laboratory feeding ad libitum on honey-water, mealworms, 
and Drosophila sp.. For this experiment, workers that 
eclosed in the laboratory were distinguished from those 
collected in the field by their light cuticular colouration.

Body fat content was measured following Bernadou & 
al. (2015). Ants (gynes and workers) were dried at 60 °C for 
five days and weighed individually to the nearest 0.0001 mg 
with a microbalance (Radwag MYA 5.4Y, Radom, Poland) 
to measure their dry mass. Subsequently, fat was extracted 
by soaking each ant for two days in 2 ml petroleum ether 
(boiling range 40 - 60 °C, Merck, Darmstadt, Germany) at 
room temperature. After two days, the ants were trans-
ferred into new vials, the petroleum ether was renewed, 
and each ant was kept in petroleum ether again for two 
days. Afterwards, the ants were dried at 60 °C for six days 
and weighed again to determine their lean mass. The 
percentage of fat was calculated according to the standard 
equation: (dry mass - lean mass) * 100 / dry mass.

Statistical analyses
Food source choice and consumption: A gener-

alised linear mixed model (GLMM, zero-inflated Poisson) 
was used in which the number of foragers observed in 
each foraging arena was used as the dependent variable 
to determine whether urban and rural colonies were dif-
ferently attracted by the different types of food (carbohy-
drates, protein, or fat + protein) sources. The three-way 
interaction of habitat type, type of food, and the round 
of the experiment were included as explanatory factors, 
whereas colony identity and the round of observation were 
included as nested random factors. Later, to determine 
the significance of the influence of each factor studied 
on the number of foragers present in the foraging arena, 
Analysis of Variance (ANOVA, chi-squared distribution) 
of the described model was performed.

The total amount of food consumed differing between 
habitat types and repetitions was checked by carrying 
out a linear mixed model (LMM, gamma distribution) in 
which the total amount of food consumed was used as an 
explanatory variable and the interaction between habitat 
type and round of the experiment as explanatory factors. 
Moreover, differences in the actual quantity of each type 
of food consumed by the colonies from each habitat type 
and across rounds were tested using a LMM approach. 
Quantity of carbohydrates, protein, and fat + protein 
consumed were log + 1 transformed and used as response 
variables, and the interaction between habitat type, type 
of food, and round of the experiment were used as explan-
atory factors. In all LMMs, colony identity was included 
as a random factor. Finally, paired t-tests were carried 
out on the consumption of each nutrient per population 
to compare differences between the first and the second 
round of observations.

Body fat content and gyne size: To test for differ-
ences in body fat content between ants from urban and 
rural habitats, a LMM was performed using the body 
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fat content as a response variable and the interaction of 
the habitat type, caste, and origin (field or laboratory) 
as explanatory factors. The origin of the individuals was 
included in the model to avoid the influence of genetic 
background. Finally, since larger gynes can potentially 
accumulate larger quantities of body fat, size differences in 
gynes between habitat types were assessed using dry mass 
as a proxy of individual size. Comparisons were performed 
using a LMM approach, in which individual dry mass 
was introduced as a dependent variable, the interaction 
between habitat type and origin of the individual (field or 
laboratory) as explanatory factors and colony identity as 
a random factor.

Statistical analyses were performed using R v4.1.2 
(R Core Team 2021) and RStudio (Posit Team, 2023). 
LMMs were performed by using the function “lmer” from 
the package “lme4” (Bates & al. 2013). Models were tested 
for overdispersion by using the function “testdispersion” 
of the package “DHARMa” (Hartig 2022). When over-
dispersion was found in LMMs, the dependent variable 
was transformed using the most suitable transformation 
approach obtained using the function “bestNormalize” 
from the R-package “bestNormalize” (Peterson 2021). 
Zero-inflated Poisson regression was performed by using 
the “zeroinfl” function of the “pscl” package (Jackman 
2020). The significance of the explanatory factors was 
determined by performing the analysis of variance of the 
LMMs and GLMMs using the function “Anova” from the 
“car” package (Fox & Weisberg 2018). To assess differ-
ences in urban-rural trends for the tested factors, post-
hoc pairwise comparisons of all models were performed 
using the “emmeans” function of the “emmeans” package 
(Lenth 2023) for GLMMs. For LMMs, the “posthoc_Pair-
wise” function of the “grafify” package (Shenoy 2021) was 
used. Graphical representations were performed using 
the packages “ggplot2” (Wickham 2016), “magick” (Ooms 
2023), “png” (Urbanek 2022), and “ggpubr” (Kassambara 
2022). Mean and error values were calculated using the 
“Rmisc” package (Hope 2022). In all analyses, results 
were considered to be significant when the p value was 
equal or below 0.05.

Results

Food source choice and consumption
Our results show that the interest of workers in explor-

ing the different arenas (measured as the number of work-
ers in the arena at each counting time) was significantly 
influenced by food type (χ2 = 41.64, p < 0.001), habitat 
type (z = 6.84, p < 0.001), the round of the experiment  
(χ2 = 15.06, p < 0.001), and the interactions between these 
factors (Tab. 1). Just after collection (round 1), workers of 
urban and rural colonies did not differ in their interest in 
carbohydrates (z = -0.09, p = 1). In contrast, rural colonies 
foraged significantly more for protein and fat + protein 
diets (protein: z = 3.85, p = 0.006; fat + protein: z = 3.31, 
p = 0.043). One week later (round 2), rural colonies were 
less interested in carbohydrates (z = -5.21, p < 0.001) and 
more interested in the fat + protein diet (z = 4.83, p < 
0.001) than urban colonies (Fig. 1).

When investigating the actual food intake, the total 
food consumed by the colonies decreased in the second 
round of the experiment (t = -2.19, p = 0.028; Fig. S1). 
Colonies from urban and rural habitats consumed different 
quantities of each diet in the first round of observations. 
After collection, urban ants consumed more carbohydrates 
than rural colonies (t = 3.75, p < 0.001), but no clear dif-
ferences were found in the consumption of protein (t = 
0.75, p = 0.675) and fat + protein diets (t = 0.05, p = 0.971).

After one week of ad libitum feeding in the laboratory 
(round 2), no significant differences were found in food 
consumption between ants coming from different habitat 
types (carbohydrates: t = 0.07, p = 0.971; protein: t = 0.41, 
p = 0.848; fat + protein: t = 0.137, p = 0.971).

Finally, we observed a consistent decrease in the con-
sumption of various types of nutrients in the experimental 
colonies from both rural and urban populations between 
the first and second rounds of observations (Fig. 2, Tab. S3).

Body fat content and gynes size
The body fat content of gynes collected in the field 

differed between urban and rural habitats. Rural gynes 
had a significantly higher fat content than urban gynes 

Tab. 1: Influence of the study factors in the foraging interest of the workers in the food selection experiment. The table includes 
the results from the Analysis of Variance test (chi-square distribution) of the Generalized Linear Mixed Model (zero-inflated 
Poisson): chi-square coefficient (χ2), degrees of freedom (Df) and statistical significance (p-value). 

Number of workers attracted by each type of food

Factor Df χ2 p-value

Type of food 2 41.64 < 0.001

Habitat type 1 6.84 < 0.001

Round of observation 1 15.06 < 0.001

Type of food * Habitat type 2 57.45 < 0.001

Type of food * Round of observation 2 15.96 < 0.001

Habitat type * Round of observation 1 26.84 < 0.001

Type of food * Habitat type * Round of observation 2 6.72 0.035
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(t = 3.52, p = 0.003), although laboratory-reared gynes 
from the two habitats did not differ (t = -1.51, p = 0.262, 
Fig. 3A). Workers from the two habitat types did not differ 
in body fat content, regardless of whether collected from 
the field (t = 0.78, p = 0.635) or reared in the laboratory  
(t = -1.76, p = 0.169). Finally, using the dry mass (mg) as a 
proxy of individual size, we found no significant difference 
between urban and rural gynes collected either in the field 
(t = -0.13, p = 0.895) or reared in the laboratory (t = -1.93, 
p = 0.072, Fig. 3B).

Discussion
Workers of the ant Lasius niger from urban and rural 
colonies exhibited distinct preferences for three offered 
diets, and gynes showed to have different body fat content. 
Whereas the foraging activity in the arena containing car-
bohydrates did not differ between colonies from the two 
habitat types, workers from rural colonies showed signifi-
cantly more interest in diets rich in protein or fat + protein 
compared with workers from urban ones. Moreover, gynes 
from rural habitats were shown to have higher body fat 
content than urban ones, regardless of their body size.

Immediately after collection, workers from urban colo-
nies showed a significantly higher intake of carbohydrates 
than workers from rural colonies, while no significant 
differences were found in the consumption of the other 
two diets. However, after one week of feeding on the three 
diets used in the tests in the laboratory, rural ants exhib-
ited a significantly greater interest for the diet rich in fat 

+ protein and less interest in carbohydrates compared 
with urban ants. Ants from urban and rural habitats did 
not differ in the quantities they consumed of each diet.

Gynes from rural colonies were similar in size to those 
from urban colonies but had a significantly higher fat con-
tent. No differences in fat content were found when gynes 
from different habitat types were reared in the laboratory. 
Fat content was also identical in workers from urban and 
rural areas regardless of whether they were reared in the 
field or the laboratory.

We found a high general attraction of the ants for 
carbohydrates, which matches the well-known symbiotic 
association of Lasius niger with aphids (Czechowski & 
al. 2012, Seifert 2018) and with the nutritional needs 
(Arganda & al. 2017). The higher intake of carbohydrates 
in urban colonies immediately after collection suggests 
that carbohydrate sources, mainly honeydew, might po-
tentially be of lower quality in urban habitats compared 
with sources in rural areas. Although some aphid species 
can use a wide range of plant species as their hosts, others 
show host specificity (Barczak & al. 2021); and it is of 
great nutritional importance as honeydew composition 
depends on the aphid species, the host plant species, or the 
health status of the host plant (Douglas 1993, Fischer & 
al. 2005, Leroy & al. 2011). Hence, lower plant diversity 
and their growth in poor soil (Lescano & al. 2022) might 
negatively impact the quality of the honeydew produced 
by aphids (Fisher & al. 2005) in urban areas, although it 
is worth noting that, as far as we know, no specific studies 

Fig. 1: Mean and error bar plot showing the difference in the number of workers of the ant Lasius niger from rural and urban col-
onies present in the foraging arena containing different types of diet. The filled circles indicate the mean value of the consumption 
by the rural and urban colonies, the whiskers represent the standard deviation, and the dots represent the mean number of workers 
per each colony. Round 1 represents the values obtained during the observations performed one day after collection, and Round 
2 represents the values obtained during the observations performed one week after collection and feeding on a standard diet.
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have yet been carried out to test this assumption. Notwith-
standing, Gaber & al. (2024) observed that L. niger living 
in urban areas more aggressively defended aphid colonies 
against simulated attacks than those living in rural areas 
and concluded that they do so because of decreased and 
unpredictable food availability in cities.

Contrary to our expectation that urban colonies would 
consume more protein and fat than rural colonies, we 
found that rural colonies were more interested in these di-
ets, although differences were not significant. However, we 
attribute the lack of significance to the high concentration 
of nutrients in these diets, as the volume of food ingested 
by ants decreases with the increase of concentration in the 
diet (Dussutour & Simpson 2008). Besides, we cannot 
exclude that recruitment during the initial observation 
round (one day after collection) still reflected natural 
factors, such as colony size and productivity (Mailleux 
& al. 2003). For example, as found by Stukalyuk & al. 
(2022), colonies in rural areas could have been larger 
and more productive than urban colonies, explaining the 
unexpected, increased interest in protein and fat. While 

urban colonies can prolong their production period due to 
the elevated temperatures in urban environments (Tri-
gos-Peral & al. 2024), rural colonies tend to have shorter 
reproduction periods and may need to optimize their pro-
ductivity, particularly during summer. As a result, rural 
colonies might have a greater demand for protein and fat 
to ensure an adequate brood development (Dussutour & 
Simpson 2008, Rosumek & al. 2017).

Nonetheless, although rural habitats might seem ideal 
for food supply as the greater biodiversity can theoretically 
provide a wider array of food sources, it also results in an 
increased number of neighbouring colonies and species 
competing for these resources (Blüthgen & Feldhaar 
2009, Putiatina 2011). However, despite a potentially 
poorer environment, urban habitats might offer alternative 
food sources exploitable by ants. For instance, Penick & al. 
(2015) suggested that certain urban ant species can com-
pensate for the lack of natural food sources by feeding on 
human food waste. However, the observed consumption of 
leftover food varied with the ants’ origin (native or invasive), 
location (parks or traffic islands), and trophic level (predator 

Fig. 2: Paired dot plot showing the mean consumption of each diet (mg) by Lasius niger workers from urban and rural colonies 
during the two rounds of the experiment (one day after collection – Round 1 – and one week after collection and feeding on a 
standard diet – Round 2).
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or herbivore). For example, consumption of food waste was 
only evidenced in the omnivorous, exotic ants Tetramorium 
spp. and Nylanderia flavipes (Smith 1874) in traffic islands, 
while Lasius cf. emarginatus (Olivier 1792) appeared to 
avoid human food waste (Penick & al. 2015).

After being provided with similar diets for one week 
in the laboratory, rural colonies not only again foraged 
more for fat + protein but also exhibited an increased con-
sumption of this diet. In nature, this would be explained 
through the costs of colony growth (egg production by the 
queen and brood development); however, our experimental 
colonies did not contain queens or larvae. Moreover, this 
result cannot be explained by workers’ ageing, or by sep-
aration from larvae, as protein consumption decreases in 
older workers, and larval demand for protein was absent 
(Dussutour & Simpson 2009). Thus, a task switch in 
workers seems to be the most plausible explanation. Work-
ers of Lasius niger increase their body fat content when 
switching from foraging to intra-nest tasks (Dussutour & 
al. 2016), therefore increasing their tolerance to nutritional 
stress and longevity. In our study, workers might have 
continued feeding on this diet as a behavioural response 
linked to their previous survival experiences (i.e., harsh 
cold winters in the rural habitats). Indeed, this response 
can be triggered by the lack of gynes and brood due to the 
similarity of this scenario with the diapause of these ant 
castes at the end of the summer to beginning of autumn 
in northern latitudes (Kipyatkov & Lopatina 1997). An 
alternative interpretation suggests that rural ants might 
suffer more from protein and fat shortage, which indeed 
would be reflected in lower body reserves in the individu-
als of the colony. However, no significant differences were 
found between workers from both habitat types.

Body fat content of gynes plays a critical role in the suc-
cess of solitary colony foundation as it significantly affects 
queen survival and egg production during the development 
of the first workers (Heinze & Tsuji 1995, Haatanen & 
al. 2015, Helms & Kaspari 2015, Negroni & al. 2021). In 
gynes, body fat content increases after emergence due to 
feeding (Boomsma & Isaaks 1985), so future queens can 
survive till the hatch of the first workers. In our study we 
found that body fat content in rural gynes was higher than 
in their urban counterparts, suggesting a later emergence 
of urban gynes. However, the annual activity starts ear-
lier in urban ants than in rural ones (p < 0.001, G.T.-P., 
unpubl., see data availability statement). Furthermore, as 
mentioned above, there are a few smaller nuptial flights 
before the massive one occurring in July, and in these 
earlier nuptial flights, earlier hatched gynes would have 
the chance to leave the nest. Then, we can consider that 
the collected gynes hatched approximately at the same 
time. Notwithstanding, it is worth noting the relationship 
between ant body fat content, metabolic rate, and environ-
mental temperatures. For instance, gynes of Lasius niger 
overwintering at lower temperatures have higher body fat 
content than those overwintering at high temperatures, 
presumably due to lower energy consumption (Haatanen 
& al. 2015). During summer, this high energy consumption 
would be related to the higher daily activity in urban areas 
(Trigos-Peral & al. 2024). Moreover, rural and urban 
colonies of L. niger have also shown a clear diversification 
of three fatty acid synthases (Konorov 2018), which im-
pacts body fat storage. Therefore, our findings are probably 
linked to the combination of the impact of the mentioned 
adaptations, enhanced by potential nutritional shortages 
and previous experience of the colonies. However, it would 

Fig. 3: Violin plot and mean and error plot showing the body fat content (in mg) and size (using the dry mass as a proxy) of gynes 
of the ant Lasius niger reared under natural conditions in the field (A) and under laboratory conditions (B). The black diamonds 
indicate the mean value of the consumption by the rural and urban colonies, and the whiskers represent the standard deviation.
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be needed to measure the body fat content of the workers 
after the nutritional tests as well as to conduct further 
studies involving behavioural and genetic approaches.

Therefore, differences in proteins and fat consumption 
between urban and rural populations may be correlated 
with the different environmental temperatures and ex-
plorative traits of workers in natural conditions (Tri-
gos-Peral & al. 2024) linked to habitat characteristics and 
food availability. If so, a reduced availability of nutrients in 
urban areas (see also Gaber & al. 2024) could significantly 
contribute to the decline in arthropod diversity in cities, 
primarily due to a diminished reproductive capacity in 
females of species with narrow ecological plasticity (lim-
ited capacity for adaptation). Notwithstanding, further 
studies are needed to confirm whether the lower fat con-
tent observed in urban gynes might result from different 
timing of emergence, lower availability of proteins and fat 
availability in the habitat, or indeed indicates an evolu-
tionary adaptation to dietary constraints in their habitat. 
Moreover, although workers from both habitat types did 
not differ in body fat content, the nutritional shortage may 
not be apparent in this caste throughout our experiment. 
For instance, although Rosumek & al. (2017) did not find 
differences in body fat content of ant workers when testing 
diets with low and high-fat content, they found a change 
in their fatty acid profile.

To summarize, our research offers new insights into 
the potential dietary shortages in urban areas and their 
consequences on ants. These findings, which may be ex-
trapolated to other soil-dwelling arthropods, imply that 
nutritional constraints in urban habitats may play a role 
in the decline of arthropod populations within such envi-
ronments by strongly affecting the reproductive capacity of 
females of species with narrow ecological plasticity. Not-
withstanding, our findings might differ from those found 
in other urban areas, due to changes in the nutritional 
availability in the habitat linked to the landscape structure 
and the genetic background of the ant populations. Thus, 
further studies, including colonies from a larger number 
of regions, diets with controlled proportions of nutrients, 
and genetic approaches are needed to accurately determine 
the interplay between the availability of food sources, 
foraging behaviour, and reproductive success in ants. In 
addition, our findings contribute to highlighting once more 
the significance of diet quality in ants (Csata & al. 2020, 
Wendt & Czaczkes 2020) and emphasize the importance 
of meticulously selecting the diets for use in baiting assays.
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