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Fatty acids (FA) are the primary metabolic fuel for many organisms and the fundamental
component of membranes of all living organisms. FAs can be saturated (SFA),
monounsaturated (MUFA), or polyunsaturated (PUFA). PUFA are not synthesized by
most animals and are considered as essential nutrients. We examined the effect
of climate on the saturation level of polar (mostly membranal) and neutral lipids in
the body of the Oriental hornet (Vespa orientalis) from two extreme climatic zones:
Mediterranean high elevation; and hot arid desert. In contrast to previous reports,
the environmental temperature was shown to affect the hornet colonies’ thermal
environments. The hornets nonetheless maintained their colony temperature within a
narrow range. Analyses of the hornets’ unsaturation levels of polar and non-polar body
lipids revealed caste differences: gynes and males contained less unsaturated lipids than
workers. However, there were no differences in the respective castes between the two
different climate zones tested. Experimentally manipulating the diet of queenless hornet
colonies to a high Omega-3 diet (salmon) or a high Omega-6 diet (crickets) had only a
minor effect on the worker-born males’ lipid composition. Although salmon-fed males
had a higher Omega-3 content than cricket-fed ones, the proportion of these fatty acids
was still low (below 1%). Cricket-fed males had significantly higher levels of Omega-6
than salmon-fed males. Our data show that the specific lipid composition of the hornet
body is highly regulated and deficient in essential PUFA, even under different climates
or high Omega-3 or Omega-6 PUFA diet. PUFA, especially Omega-3, is considered to
have a beneficial effect on physiological processes. Our finding that these FA, when
common in the diet, are almost absent in the body raises questions about how they
affect animals’ physiology.

Keywords: fatty acids, nutrition, climatic gradient, hornet (Vespa), Omega—3 fatty acids

INTRODUCTION

Fatty acids (FA) are essential macronutrients, precursors in various biological processes, and key
components in living cell membranes (De Carvalho and Caramujo, 2018; Hulbert, 2021). FA can be
saturated (SFA), monounsaturated, with one double bond (MUFA), or polyunsaturated with two or
more double bonds (PUFA) (Wallis et al., 2002). The unsaturation level of FA in cellular membranes
strongly affects their fluidity, flexibility, and selective permeability (Hulbert and Abbott, 2012).
FA play an important physiological role in homeostasis and physiological functioning of tissues
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(Hazel, 1995; De Carvalho and Caramujo, 2018; Giri et al., 2018)
and can directly affect membrane protein functions (Hulbert and
Else, 1999; Hulbert et al., 2002), glucose metabolism (Clarke,
2000), and muscle function during high-performance activities
(Peoples and McLennan, 2010; McWilliams et al., 2020). PUFA
affect many cellular processes in animals, including modulation
of ion channels and carrier activities of membrane-associated
enzymes, regulation of gene expression, endocytosis/exocytosis,
and defense against pathogens survival pathogen defense (Wallis
et al., 2002; Pamplona, 2008). PUFA are traditionally divided
into two different groups, depending on the position of the
first double bond away from the Omega end of the carbonic
chain—Omega 3 (n-3) or Omega 6 (n-6) (Hulbert, 2021). Omega-
3 PUFA are commonly found in marine ecosystems, especially
in cold water, and are involved in learning and enhanced
brain function in vertebrates and invertebrates (Arien et al.,
2015; Dyall, 2015). Omega-6 PUFA are common in plants and
terrestrial animals; they are precursors of prostaglandins and are
involved in mitigating the inflammatory process (De Carvalho
and Caramujo, 2018). Most animals lack the respective desaturase
enzymes commonly found in plants and microorganisms (but
see Cripps et al., 1986). Consequently, they must acquire both
the n-6 and n-3 polyunsaturated FA from their diet or gut
microbes (Hulbert et al., 2002). Accordingly, various studies have
suggested that the composition of animal body FA reflects their
diet (McKenzie, 2001; Pierce et al., 2005; Lemieux et al., 2008;
Levin et al., 2013; Lehtovaara et al., 2017; McWilliams et al., 2020).

An experimental increase in PUFA content in the diet
of different animals was shown to modulate their tissue
composition and physiology. For example, a high PUFA diet
was shown to lead to a higher basal metabolic rate (BMR)
in several mammal species (Savage and Goldstone, 1965; Pan
and Storlien, 1993; Takeuchi et al., 1995; Ayre and Hulbert,
1996). The percentage of PUFA in mammalian muscles was
correlated with high muscle performance and a reduced
energetic cost of high endurance exercise (Ruf et al., 2006;
McWilliams et al., 2020). At the other extreme, in hibernating
animals residing in cold climates, a high proportion of dietary
PUFA prolonged torpor and lowered body temperatures and
metabolism during hibernation, improving survival rate (Geiser
et al., 1994; Ruf and Arnold, 2008). Additionally, PUFA may
also play an important role in cold adaptation since species
inhabiting cold climates generally possess more unsaturated
membrane lipids than species occupying warmer environments
(Logue et al., 2000).

A negative intraspecific correlation between latitude and
saturation level of FAs has been reported in several cultivated
plants. For example, PUFA levels in rice increased, and SFA and
MUFA decreased, along a south to north latitudinal gradient
of 12 degrees in Japan (Kitta et al., 2005). A similar pattern
was observed in sunflowers and chia in Spain and South
America (Ayerza, 2009), and temperature was suggested as the
main environmental factor affecting FA composition in these
species. Linder (2000) indicated that the seed oils of higher-
latitude plants have proportionately more unsaturated fatty acids
than those of lower-latitude plants (Linder, 2000). Finally, in
a recent analysis of the lipid composition of 747 plants, a

negative correlation was found between latitude and saturation
(Zhang et al., 2015).

Based on all the above, PUFA in the ecosystem almost
solely originate from the primary producers. Therefore, we
hypothesized that climate and the availability of these essential
fatty acids in the food web should also be correlated in the
higher trophic levels. We expected to find higher proportions of
PUFA in the environment and in the bodies of animals living
in colder environments, and lower ratios in animals inhabiting
warmer climates. This possible correlation between temperature
and PUFA proportions may affect animals’ physiology and
environmental adaptation at all trophic levels. Here, we tested
our hypothesis using the Oriental hornet (Vespa orientalis).
V. orientalis is a relatively large hornet that establishes annual
colonies in the spring in underground cavities, comprising up
to several thousand individuals by the end of summer (Ishay,
1976; Dubiner et al., 2021). V. orientalis is well adapted to aridity
and is the only member of the genus Vespa found in arid and
warm habitats (Carpenter et al., 2013). We chose this species to
test our hypothesis because it is distributed along a large climatic
gradient and is a generalist predator with a high trophic level.
It is a eusocial insect that establishes large colonies, in which
the nests are maintained at a relatively constant temperature of
28◦C (Ishay and Barenholz-Paniry, 1995). Thus, the FA in newly
eclosed hornets that have developed under different climates
should originate from their diet rather than being directly related
to the ambient temperature. We further suggest that the adult
hornets acquire their essential FA mainly from their diet during
the larval stage. Adult hornets feed mainly on carbohydrates and
free amino acids, which they use primarily for energy production
and not fat accumulation (Hunt, 1991). Finally, we hypothesized
that the FA composition in the hornets from the two polar
climates should result only from the composition of their diet.
We posit that the FA in prey collected by the hornets should
be more unsaturated in the high-elevation, low-temperature
climate. Moreover, since workers live only from spring to autumn
while queens survive throughout the winter, we hypothesized that
queens will accumulate more PUFA in their tissues than workers
in order to support their lowered body temperature in winter.

MATERIALS AND METHODS

In May-September 2019, we located colonies of Oriental hornets
in two different climatic regions of Israel, separated by 100 km,
along the north-south climatic gradient of the northern part
of the Great Rift Valley. The northern location constitutes a
Mediterranean high altitude habitat (900 m above sea level) with
800 mm of annual precipitation and occasional snow in winter.
The southern area, by the Dead Sea (400 m below sea level), is
a hot and dry desert with less than 70 mm annual precipitation
(Figure 1). Previous studies have reported apparent phenotypic
differences among populations along the steep climate gradient
over a relatively short distance that characterizes Israel (e.g., in
antlions and sparrows; Scharf et al., 2008; Cohen and Dor, 2018).

Colonies of Oriental hornets were located by following
workers drinking at a water source back to their nest (they fly
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FIGURE 1 | Nests monitored and collected along the climatic gradient (1–4:
north; 5–8: south). The temperature on the map is the average for the
maximum daily temperature in August.

back in a direct transect). Temperature data loggers with external
probes (Thermadata, United Kingdom, Accuracy ± 0.5◦C) were
tunnelled into the center of six nests in the north of the country
and three in the south (Table 1). Another data logger was placed
2 m above ground in the shade to record air temperatures next
to each colony. The temperature was recorded every 30 min for
4–10 weeks. The temperature probes were destroyed in four of six
colonies in the north, two by the hornets and two by European
badgers (Meles meles).

At the end of the season (October), eight colonies (four from
each climatic zone) were excavated, and the combs containing
larvae and pupae were collected. Adult workers were collected
from the excavated colonies by hand net, kept in a large sealed
container, and frozen in the laboratory (–80◦C). The larvae and
eggs were removed from the combs, and the pupae were kept in
a temperature-controlled room (28◦C). Eclosed workers, gynes,
and males were collected daily, placed in individual tubes, frozen,
and stored at –80◦C until lipid analysis. All collections were
performed under permit 2019/42252 from the Israel Nature and
Parks Protection Authority.

Fatty Acid Analysis
We extracted the lipids separately from the abdomen and the
thorax of the hornets, as the thorax contained mainly muscles
and the abdomen contained fat storage and different organs

(Haddad et al., 2007; Hulbert et al., 2014). The body parts (thorax
and abdomen) were each placed separately in a 4 ml glass tube
with 3 ml chloroform-methanol solution (2:1), with 1 mg/ml
of tridecanoic acid (C13:0, Sigma-Aldrich Corp.) as internal
standard (Folch et al., 1957; Giri et al., 2018).

Total lipids from both the whole thorax (mainly flight
muscle) and whole abdomen were extracted by homogenizing the
tissues in 2:1 chloroform: methanol (v/v, Folch et al., 1957) and
completing three cycles of shaking and centrifugation (10 min,
2,000 rpm, 23◦C). Before the last cycle, 1 ml of 0.9% NaCl was
added to help remove any aqueous contaminants. The organic
phase containing the lipids was collected using a Pasteur pipette
into a clean 4 ml vial and dried under nitrogen (Cerkowniak
et al., 2013; Rodríguez et al., 2018). To separate lipids of
different polarities from the flight muscle samples, the total lipids
from the thorax were resuspended in 100 µl chloroform and
loaded onto solid-phase extraction columns (Supelclean 1 ml,
100 mg LC-NH2; Sigma-Aldrich; Israel). Sequential elution using
solvents of increasing polarity, i.e., isopropyl ether: acetic acid
(98:2 v/v), chloroform: isopropanol (3:2 v/v), and methanol,
separated among neutral lipids, non-esterified fatty acids, and
phospholipids (Maillet and Weber, 2006; Rodríguez et al., 2018).
Fatty acids (both polar and non-polar) were trans-esterified using
BF3 (17% in methanol, Sigma-Aldrich; Israel) as suggested by
Rule (Rule, 1997).

Initial FA analyses were performed by GC/MS (Agilent 5977)
equipped with a DB-5MS UI column. The GC injector was
maintained at 250◦C, and the oven temperature was programmed
from 60 (1 min hold) to 300◦C at 10◦C/min and held at the
final temperature for 15 min (total run time 40 min). The
ionization mode was electron impact (70 eV). The mass selective
detector was operated in the scan mode between 40 and 600
AMU. Compounds were identified by their mass fragmentation,
matched with mass spectra available on a NIST database, and
compared with authentic standards (Sigma-Aldrich, Israel). For
quantitative analyses, samples were analyzed in a Varian-3900XL
gas chromatograph (GC-FID) equipped with a silica column
(Varian, VF-5ms, 30 m × 0.25 m, DF = 0.25). Samples were
run under the same temperature program as above. FA were
identified by retention times and compared with those obtained
in the GC/MS run and authentic standards. To ensure the
correct identity of the compounds by their retention time,
the same sample was run by both GC and GC/MS. Relative
compound quantification was achieved by peak integration using
Galaxie 1.9 software.

Controlled Feeding Experiment
An Oriental hornet colony was collected from Tel-Aviv
University, Tel Aviv, Israel, in August 2019. The workers, larvae,
and queen were removed from the comb cells, leaving only the
worker pupae. The comb was then split into two equal parts, each
containing 40 worker pupae, which were individually glued onto
the ceiling of a wooden box (330× 330× 150 mm). Each box was
placed in a separate outdoor netted cage (4 × 6 × 2 m). Eclosed
workers in these queenless groups were free to leave their box
and forage freely inside the netted cage. The hornets had access
to water and nest-building materials (paper, dry plants, and soil).
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TABLE 1 | Position of the five colonies with temperature loggers.

Zone Location Elevation (sea level) N E

Dead sea E. Gedi –175 31.27 35.23

K. south –271 31.45 35.27

K. north –263 31.45 35.27

Golan Heights E. Pahem +696 32.58 35.49

A. Habashan +904 33.02 35.49

Elevation in the Dead Sea area is below sea level.

Both groups received (ad lib) inverted sugar water (60%), fresh
fruits (grapes, mango, melon), but a different protein and fatty
acid source. In one cage, we supplied the hornets with house
crickets (Acheta domestica) rich in n-6 PUFA (Grapes et al., 1989),
and in the second cage, we provided them with Atlantic salmon
(Salmo salar), rich in n-3 PUFA (Sprague et al., 2016). Food
items were replaced every other day. In the absence of a queen,
the workers in both colonies rapidly developed their ovaries and
laid unfertilized eggs that developed into males, which eclosed
after 7 weeks. The newly eclosed males were frozen at –80◦C
until lipid extraction and analysis, as described above. We also
analyzed the fatty acids in both crickets and salmon to verify their
lipid composition.

Statistical Analysis
We ran Kruskal-Wallis H-tests (followed by Dunn post-hoc) to
compare abdomen and thorax samples’ fatty acid unsaturation
between castes and colonies, and Mann-Whitney U-tests to
compare between the two feeding trials (unsaturation and n-
6 vs. –n-3). Statistically significant defined as p < 0.05. We
performed principal component analyses (PCAs) to compare
abdomen and thorax samples’ fatty acid composition between
castes, colonies, and diet. Data for PCA were log-transformed
and scaled by centering the mean and dividing by the standard
deviation of each variable to give similar weight to each
component. Data analysis and visualization were done using
Excel 2016 (Microsoft Office), JMP R©, Version 15. SAS Institute
Inc., Cary, NC, 1989–2021, and MetaboAnalyst (version 5.0,
McGill University, Montreal, QC, Canada).

RESULTS

Colony Temperature
The Oriental hornets did not maintain their nest at 28◦C (as
previously considered), but were nonetheless highly affected by
the ambient temperature (Spearman rank correlation, Ein Gedi-
r = 0.74 p < 0.05, Kalya south- r = 0.56. p < 0.05, Kalia North-
r = 0.832 p < 0.05, Alonei Habashan- r = 0.342 p < 0.05, Ein
Phaem- r = 0.95 p < 0.05). Colony temperatures in the Dead
Sea area were more tightly regulated than those by the hornets
in the north. While the ambient temperature at the Dead Sea
rose above 40◦C almost every day during summer, and surface
temperature could easily reach 60◦C, colony temperatures in all
nests never exceeded 37◦C. In both areas, the average temperature

inside the nest was maintained within a narrow range compared
to the larger environmental temperature fluctuations (Table 2).

Fatty Acid Analysis
Five fatty acids were dominant in the hornet, accounting for
more than 95% of the total FA content (see the Supp. Mat. for
the complete list): palmitic acid (C16:0), palmitoleic acid (C16:1),
stearic acid (C18:0), oleic acid (C18:1), and linoleic acid (C18:2).
Oleic acid was the most abundant of the five (37–73%). n-3 PUFA
were not detected in the polar fraction of the workers’ thorax,
except for trace amounts in the workers from the Wadi Ashalim
colony, in the extreme desert (0.1–0.2%). PUFA n-6 FA, mainly
linoleic acid, were higher than PUFA n-3 (4–6%) but did not differ
between the two climatic regions (thorax: Z = 0.12716, p = 0.898;
abdomen: Z = –0.399, p = 0.689).

We compared the total abdominal FA and thoracic polar FA
between castes in hornets from all colonies (except Ashalim,
where only workers were collected) using PCA (Figure 2).
We found a clear distinction in abdominal fatty acids between
workers and the other castes, mainly due to the workers’ high
content of linoleic and palmitoleic acids, in addition to several
less common acids present at low concentrations. PCA of
thoracic polar FA derived from phospholipids showed an even
more distinct separation between workers and gynes, with males
being highly variable intermediates.

PCA of abdominal FA from workers showed a separation
between colonies. This separation was not according to the
climatic region in any of the principal components (Figure 3),
however, but mainly due to the very low abundance of a few rare
FA (see Supplementary Table 1). This difference disappeared
entirely in the analysis of the thoracic FA (Figure 3), in which
the colonies were essentially indistinguishable.

Worker FA were dominated by MUFA (abdomen:
74.3 ± 4.4%, thorax: 81.5 ± 8.5%). A comparison of the degree
of unsaturation between northern and southern hornet workers
FAs revealed no difference between the two regions [thorax SFA
(Z = –0.894, p = 0.371), MUFA (Z = 0.479, p = 0.6313), PUFA
(Z = –0.105, p = 0.915); abdomen SFA (Z = 0.140, p = 0.887),
MUFA (Z = –0.093, p = 0.925), PUFA (Z = –0.047, p = 0.962)].

Worker FA of all degrees of saturation differed significantly
from the other castes, being lower in SFA (Kruskal-Wallis for
thorax: χ2 = 54.4, p < < 0.001; for abdomen: χ2 = 47.6,
p < < 0.001), and higher in MUFA (thorax: χ2 = 44.8,
p < < 0.001; abdomen: χ2 = 49.3, p < < 0.001), and in PUFA
(thorax: χ2 = 14.8, p = 0.0006; abdomen: χ2 = 39.2, p< < 0.001).
Gynes and males differed from each other only in PUFA, which
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TABLE 2 | Average (± SE) of mean, minimum and maximum temperature inside and above the nest and mean seasonal temperature.

Zone Location Nest (◦C) Air (◦C)

Mean Min Max Mean Min Max

Dead sea E. Gedi 35.02 ± 0.9 34.42 ± 0.8 35.52 ± 0.9 32.87 ± 1.6 29.35 ± 1.50 36.49 ± 2.2

K. south 33.96 ± 1.1 32.37 ± 1.1 34.95 ± 1.1 31.83 ± 1.7 27.62 ± 1.40 37.48 ± 2.2

K. north 33.83 ± 1.9 32.95 ± 0.9 34.35 ± 1 31.83 ± 1.7 27.62 ± 1.40 37.48 ± 2.2

Golan heights E. Pahem 27.97 ± 0.9 26.41 ± 1 29.77 ± 1 24.39 ± 1.3 19.35 ± 1.07 30.57 ± 2.2

A. Habashan 27.54 ± 2.1 24.68 ± 2 31.61 ± 2.5 22.40 ± 2.4 17.27 ± 1.94 29.05 ± 3

FIGURE 2 | Principal component analysis of fatty acids in both total lipids of the abdomen and polar lipids from the thorax of the three hornet castes (workers
n = 44.58, Gynes n = 20.24, Males n = 16.20 for thorax and abdomen, respectively).

were lower for gynes (Dunn post-hoc for thorax: p = 0.006; for the
abdomen: p = 0.018, Figure 4).

There was no apparent difference in the PCA between cricket-
fed male hornets (PUFA n-6 rich diet, 42%) and salmon-fed
ones (PUFA n-3 rich diet, 12.8%) in the feeding manipulation
trials (Figure 5). This was true for both abdominal and thoracic
samples, even though the diet in both trials differed from
that of wild males.

PUFA n-3 levels were higher in salmon-fed hornets than
cricket fad ones (Mann-Whitney U-test: Z = –2.196, p < 0.05)
but were still very low, accounting for less than 0.5% of thorax
FA composition. However, PUFA n-6 were higher in cricket-fed
hornets than the salmon fed ones (Z = –1.757, p < 0.05) and
exceeded 10% of thorax FA content, a nearly fivefold increase
from that of salmon-fed hornets (Figure 6).

DISCUSSION

We tested the hypothesis that climate affects the saturation level
of FA in the environment and that such effects will be reflected at
several trophic levels. We used the Oriental hornet as a model
organism for our study as it inhabits various climates and has
a broad dietary preference. Because Oriental hornets had been

considered to regulate their colony temperature, we expected any
change in their FA composition to be dietary derived. In contrast
to our expectations and to earlier reports (Ishay and Barenholz-
Paniry, 1995; Plotkin et al., 2005), the colony temperatures in
the northern part of Israel were affected by the environmental
temperature. However, there seems to be an upper limit to the
temperature that the hornets are able to support. In the Dead
Sea’s arid and hot region (mean 44◦C in the shade), colony
temperature was maintained at around 35◦C and did not surpass
37◦C. We found no effect of environment on lipid saturation
in the hornets’ polar and neutral lipids. Food composition had
a low impact on their lipid composition, even when artificially
manipulated to an extreme composition in captivity. However,
we did find differences in the lipid composition among the
different castes. These findings suggest that lipid composition in
hornets is highly conserved, even under extreme environmental
and nutritional conditions.

Temperature and Thermoregulation
Changes in polar FA composition following thermal acclimation
have been a central concept in thermal physiology, but the
diversity in such changes among species living in different
thermal environments is far less documented (Rodríguez et al.,
2018). Various social insects regulate their colony temperature,
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FIGURE 3 | Principal component analysis of fatty acids in both total lipids of the abdomen and polar lipids from the thorax of workers from different colonies.
Northern colonies are presented in cold colors and southern colonies in warm colors (sample size: Ortal n = 9, A. HaBashan a n = 7, A. HaBashan b n = 4, Kalya a
n = 5, Kalya b n = 6, Ashalim n = 7).

FIGURE 4 | Caste differences in the ratios of the three major groups of fatty acids in total abdominal lipids and thoracic polar lipids. *P < 0.05, **P < 0.01,
***P < 0.001.

consistent with the “superorganism” theory (Seeley, 1989;
Wilson and Sober, 1989). Honey bees, for example, maintain
the temperature around their brood at 35◦C (Simpson, 1961;
Heinrich, 1981; Stabentheiner et al., 2010). Oriental hornets are
at their peak of activity during late summer, with thousands of
workers and larvae in the colonies. At this time of the year the

hornets’ main challenge lies in cooling down their colony, which
they actively do by means of ventilation and evaporating water
drops (Ishay and Barenholz-Paniry, 1995; Jones and Oldroyd,
2006). We found that while the hornet colony temperature in the
two extreme climates differed from one another, it was primarily
regulated to within a narrow range of temperatures, especially in
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FIGURE 5 | Principal component analysis of fatty acids in both total lipids of the abdomen and polar lipids from the thorax of males fed as larvae with either salmon
(pink, n = 7), crickets (green, n = 5), or natural diet collected in the field by workers (blue, n = 16).

FIGURE 6 | n-3 polar lipids (A) and n-6 polar lipids (B) in the flight muscles of males reared on the two different diets (crickets or salmon), and the general
composition of the two diets: crickets (n = 5) and salmon (n = 1) (C). *P < 0.05.

the upper limit of ambient temperature. No difference was found,
however, in the hornets’ polar and non-polar FA saturation levels.
The FA composition for the hornets was highly conserved, with
very high MUFA (55.9–81.5%), low levels of PUFA (0.4–11.9%),
and almost no Omega-3 PUFA (below 0.5% of total PUFA).

MUFA are the primary FA in the Oriental hornet lipids,
comprising about 80% of the FA in the workers’ flight muscles.
Oleic acid (18:1 n-9) is the dominant FA among these MUFA
in all Oriental hornet castes. Animals efficiently synthesize oleic
acid by adding a double bond to stearic acid (Michaud and
Denlinger, 2006; Hulbert et al., 2014). The different desaturases
responsible for this process are highly regulated in animals,
and their expression and activity are affected by environmental
factors, including temperature (Stukey et al., 1990; Murata and

Wada, 1995; Bennett et al., 1997; Los and Murata, 1998). The
double bond in oleic acid reduces its melting point to around
13◦C (69.3◦C for stearic acid, 18:0). Incorporating oleic acid
into biological membranes affects the phase transition at low
temperatures (Silvius, 1982). It is 40–80 times more resistant
to peroxidation than linoleic (18:2) or linolenic (18:3) acids,
respectively (Holman, 1954). Different membranal proteins,
including ATPases, optimize functioning in oleic acid-rich
membranes (Starling et al., 1993). When combining oleic acid
with palmitoleic acid (16:1 n-7), membranes can function in
temperatures even below 10◦C (Bennett et al., 1997; Bashan and
Cakmak, 2005). These two FA are among the most common
FA in different species of insects that undergo winter diapause
(Stanley-Samuelson et al., 1988; Bashan and Cakmak, 2005;
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Michaud and Denlinger, 2006). The thermal environment of
V. orientalis rarely falls below 20◦C (except for diapausing
queens). In other hymenopterans, the ratio of oleic acid was
found to positively correlate with thorax temperature (Rodríguez
et al., 2015, 2018). In two species of hibernating mammals
preying on ants, a high level of oleic acid was found in their
body prior to hibernation and was suggested to be the most
common FA in these insects (Falkenstein et al., 2001; Levin et al.,
2013). We suggest that V. orientalis’s integration of oleic acid
into their membranes reduces their susceptibility to oxidative
damage, while maintaining an optimal fluidity for membrane
functionality under the relatively high temperatures in which
this species lives.

Fatty Acid Composition of Storage and
Polar Lipids
Even when enriching the hornets’ diet with Omega-3 or Omega-
6, only low levels of these essential FA were recorded in the male’s
neutral and polar lipids, and the two treatments could not be
separated according to the composition of their FA. However,
the salmon diet significantly reduced the total PUFA in the males
compared to the cricket diet and to the males in wild colonies.
We suggest that PUFA are highly available in the hornets’ diet
in the wild, even if they are later found in very low ratios in
their bodies (Haddad et al., 2007). It is unlikely that hornets
selectively refrain from absorbing PUFA from food, and we
suggest that these PUFA are either used as fuel or undergo a
saturation process. The second option is intriguing, as to the
best of our knowledge, such a pathway of saturation of body
lipids is unknown in animals. The adaptive value of such selective
fatty acid accumulation might reduce oxidative stress, as PUFA
are much more sensitive to radical attack than MUFA or SFA
(Pamplona et al., 2000; Hulbert et al., 2007). Recently, dietary
lipids were found to negatively affect survival in bumble bees
(Ruedenauer et al., 2020).

On the other hand, Omega-3 PUFA are essential for neuronal
function in mammals and are suggested to be crucial for learning
in honey bees (Arien et al., 2015). These FA were absent in
phospholipids from the head of honey bees (Haddad et al., 2007),
and in phospholipids from blowflies (Calliphora stygia) reared on
fish (Kelly et al., 2014). Thus, their role in the animal body or the
trade-off mechanism involved with this FA is unclear.

Caste specificity was demonstrated in the FA profile and
saturation. This difference was significant for both the polar and
neutral lipids. In Oriental hornets, although the queens are the
only caste exposed to low ambient temperature, they displayed
the lowest PUFA levels in both body (abdomen) and muscles.
Such caste variation was also reported in honey bees (Haddad
et al., 2007; Martin et al., 2019). In hornets, unlike bees, we are
not aware of different compositions of food supplied to the gyne
larvae during their development. We suggest that the difference
in FA composition should be related to the difference in allocation
of FA between the castes. The high FA saturation level in hornet
queens partially agrees with the increased saturation level found
in bee queens and the peroxidation theory (Haddad et al., 2007).
The peroxidation theory suggests that the higher the saturation of

lipids in the membranes of bee queens, the higher their longevity.
In another hymenopteran queen—that of the carpenter ant, Levin
et al. (2013) found a similar pattern of low levels of PUFA
(Levin et al., 2013), which might also be related to these queens’
remarkable longevity (up to 26 years Vonshak and Shlagman,
2009). The Oriental hornet queen lives for almost an entire year,
whereas workers live for only a few weeks.

Climate affects the thermal environment of the Oriental
hornet colony. However, they are able to maintain their
colony temperature within a relatively narrow range. The lipid
composition in the Oriental hornet remained highly conserved
even under extreme climates and diet manipulations. We found
significant differences in polar (assumed to be membrane
originated) and non-polar lipid saturation levels between the
different hornet castes. We suggest that a particular membrane
composition is vital for the hornet’s physiological functioning
and that it is regulated to maintain this specific composition.
The mechanism behind the regulation of FA saturation and
composition offers an exciting subject for future studies.
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