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Claustral colony founding is limited by body condition:
experimental feeding increases brood size of Lasius niger
queens (Hymenoptera: Formicidae)
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ABSTRACT

Ants can found colonies in different ways. One is by claustral colony foundation, when fertilized queens typically have enough nutrients reserved
in their bodies to raise the first ‘nanitic’ worker generation without any foraging activity. This colony-foundation strategy evolved in response to
selective pressures (e.g. predators), but it limits the number of nanitic workers. We, therefore, assumed that fed queens might initially rear more
nanitic workers, although feeding might also be associated with risks and stress. In this study, we analysed the effects of stress and different diets
during the colony-foundation period on the success of colony founding by claustral black garden ant Lasius niger (Hymenoptera: Formicidae)
queens. Our findings confirm that regularly fed claustral ant queens raise more pupae and workers, reflecting that limited brood size is a cost of
safety behaviour for claustral ant queens. There is another notable aspect of our findings for laboratories: in order to maximize the size of the
nanitic worker generation, they can feed claustral ant queens with crickets.
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INTRODUCTION

Colony foundation is a fundamental but risky period in the lives
of ant queens. After mating, fertilized queens adopt different
strategies to found colonies (Hélldobler and Wilson 1990). Two
main types of colony founding have been distinguished: inde-
pendent (semi-claustral or claustral) (Keller and Passera 1989,
Sommer and Holldobler 1995, Brown and Bonhoeffer 2003,
Johnson 2006) or social parasitic (temporary or permanent)
(Buschinger 1986, 2009).

The basically ancient, semi-claustral form of independent
colony foundation means that queens leave the nest and search
for food to nurture their larvae because they cannot store enough
nutrients in their relatively small bodies (Johnson 2002, Brown
and Bonhoeffer 2003). Given this need to search for and find
food, only well-fed regular forager/hunter semi-claustral queens
can raise their offspring successfully (Brown and Bonhoeffer
2003, Johnson 2006). However, when semi-claustral ant queens
are foraging for food, their mortality rates increase significantly

because of predators, which puts a strong selective pressure on
them (Hoélldobler and Wilson 1990, Brown and Bonhoeffer
2003).

In order for a queen to be able to manage exposure to high
food stresses and starvation until the arrival of nanitic (the first,
small, short-lived) workers without having to leave the nest and
put herself at risk of falling prey to predators, she needs to store
nutrients in her body (Holldobler and Wilson 1990, Brown and
Bonhoeffer 2003). A queen with a suitable amount of reserved
nutrients does not need to forage and can remain in her nest for
weeks. This behavioural pattern is the claustral colony-founding
strategy. The queen raises her brood by metabolizing specially
accumulated body reserves and histolysing the flight muscles
(Brown and Bonhoeffer 2003, Johnson 2006, Matte and Billen
2021).

The transition from semi-claustral to claustral colony founda-
tion was an essential step in the evolution of colony foundation
(Aron and Passera 1999, Brown and Bonhoeffer 2003, Madsen
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and Offenberg 2017), but there are also some examples of the
reverse transition (Peeters and Molet 2009). It seems that claus-
tral colony foundation is safer and more beneficial, but these
benefits can have costs. The drawbacks of this strategy can be
the limited amount of nutrients and resources inside the bodies
of the queens (Jénsson and Jonsson 1997, Johnson 2006) and
the higher feeding costs from the side of the maternal colony
(Keller and Passera 1989). Furthermore, bigger and heavier
queens are more noticeable to predators than smaller ones,
and it is more difficult for them to colonize more distant areas
(Keller and Passera 1989, Holldobler and Wilson 1990, Brown
and Bonhoeffer 2003).

Ants are good laboratory model organisms (Hélldobler and
Wilson 1990, Czechowski and Pisarski 1992). The possible con-
sequences of providing or not providing food for claustral ant
queens also has implications for researchers who seek to develop
strong ant colonies within a short period of time. On the one
hand, providing food helps queens to establish stronger col-
onies; on the other hand, feeding can disrupt colony establish-
ment and also poses risks of accidents. For example, disturbed
queens often eat the brood, food waste can be a breeding ground
for infection, the brood and adults can be stuck in the honey/
sugar water, and ants can escape and be harmed during feeding
(AT. and N.S,, personal observations). Nevertheless, the possi-
bility cannot be ruled out that claustral queens eat some food
in the wild (Brown and Bonhoeffer 2003), if the opportunity
arises, e.g. if some small animals (such as arthropods or worms)
enter their chamber or if some root aphids start living in their
nest.

The aforementioned issues raise an interesting question:
would providing food for claustral ant queens increase the
number of nanitic workers or would feeding disrupt the colony-
foundation strategy that has evolved?

In order to monitor which nutrients are most influential in the
colony-foundation period of the queens, we must be aware of the
nutritional demand of the ants. In most ant species, two main
types of nutrients should be provided to rear fit individuals:
carbohydrates and proteins (Markin 1970, Sorensen and Vinson
1981, Cassill and Tschinkel 1999, Csata and Dussutour 2019),
but the nutritional demands of larvae and workers are different
(Cassill and Tschinkel 1999, Dussutour and Simpson 20082).

We predicted that feeding would restore the semi-claustral
teature of ant queens, i.e. they would take advantage of the op-
portunity to eat. In this study, we sought to determine whether
providing carbohydrate-based food supplements and/or
protein-based food supplements would influence the success
of colony foundation by claustral ant queens, measured by the
number of developed pupae and nanitic workers.

MATERIALS AND METHODS

Model organism
Lasius niger (Linnaeus, 1758) (Hymenoptera: Formicidae) is
one of the most common and widespread species of ant in the
Palaearctic region (Seifert 2020). This ant is an opportunistic,
abundant species, which can be found in different habitats,
including urban areas and human homes (Wilson 1955, Seifert
1992). The nuptial flights of L. niger happen on hot summer
afternoons, when weather conditions are anticyclonic, with low

wind speed. At this time, masses of copulating ants can be seen
in the air (Boomsma and Leusink 1981, Seifert 2018). After
mating, males die, whereas the successfully fertilized females
remove their wings and start digging holes in the ground. The
queens obtain enough sperm for a lifetime during the process
of copulation (Lafleur 1941). Given that L. niger queens follow
the claustral colony-founding strategy (Sommer and Hélldobler
1995), and hundreds of them can be collected within an after-
noon around the campus of the University of Debrecen (A.T.
and N.S., personal observations), we chose this well-known spe-
cies as a model organism for our study.

Experimental details

Two hundred and forty L. niger queens were collected during the
afternoon of 6 July 2021 within the area of the campus of the
University of Debrecen (47°33'21"N, 21°37’18"E; 130 m a.s..).
Ants were put into 12 mm x 100 mm glass test tubes immedi-
ately. The bottom halves of the tubes were filled with water and
separated by wet cotton wool (Hélldobler and Wilson 1990).
These tubes with the queens were kept in a dark and stress-free
place at room temperature (24.5 £ 0.5°C) for the entire study.
The queens were separated randomly into eight different groups
(Fig. 1; Supporting Information, Appendix S1). Each group con-
sisted of 30 queens.

These groups differed in the combination of diets and treat-
ments they were given. Four diets (sugar, cricket, both, and
none) and three feeding frequencies (once at the beginning,
once weekly, and never) were applied during the experiment
(Fig. 1, Supporting Information, Appendix S1). The sugar
(carbohydrate) diet was based on a 1.75 mol dm™ sucrose solu-
tion (Detrain and Prieur 2014), and tap water was used as a
solvent. All the ants (queens and, later, young colonies) that be-
longed to this group received a standard 3 pL droplet measured
by automatic pipette directly into the test tube. In pre-tests, this
volume was found to be optimal and drinkable for a queen or
a small colony within a short period of time. The cricket-based
(protein) diet was ensured in the form of juvenile Jamaican
field crickets, Gryllus assimilis (Fabricius, 1775) (Orthoptera:
Gryllidae), 2—-3 mm in size. We used this species as a natural crude
protein source because the dry matter of this insect contains
55.6% crude protein (Mléek et al. 2018), and it is a frequently
used feed in myrmecological studies (Vogt 2003, Gavilanez-
Slone and Porter 2013, Advento ef al. 2022, van Wilgenburg et
al. 2022). The third type of dietary treatment was a combination
of the previous two (hereafter ‘combined diet’). The chambers
of all the queens that were given food were cleaned regularly to
avoid infection. Given that feeding and cleaning are sources of
stress, a weekly disturbed but unfed group was also set up as a
control. Each queen and young colony in this group received a
three-dimensional printed plastic particle (2 mm x 2 mm x 3
mm) of a similar size to the crickets, imitating feeding and dis-
turbance. In each case, the residue of the food or the plastic par-
ticles was removed on the day after feeding. Finally, there was a
control group that was not given any treatment (neither fed nor
disturbed).

The experiment started on the day after collection (7 July
2021) and lasted for 7 weeks (49 days; a week after the first
workers appeared with some queens), when the numbers of
pupae and workers (P&W) were counted (25 August 2021).

€202 JoquianoN €0 uo 1sanb Aq 8102 /61 | PEIG/UBSUUI0IG/EE0 |0 L/I0P/S[IE-9OUBADE/UEBSUUII0IG/UWO0D dNO"DILUSPED.//:SANY WOI) PAPEOJUMOQ


http://academic.oup.com/biolinnean/article-lookup/doi/10.1093/biolinnean/blad149#supplementary-data
http://academic.oup.com/biolinnean/article-lookup/doi/10.1093/biolinnean/blad149#supplementary-data

(a) Once
15
[}
g
S 10
a
S 5
=+
0
Notlfed Su;;ar Cri(I:ket Comi)ined
Not disturbed
220
<
s
< 10
o
*H*
0
Notlfed Sulgar Cri(I:ket Comlloined
Not disturbed
30
s
B 20
—
o
* 10
Notlfed Sulgar Cri(lzket ComE)ined
Not disturbed
(b) Weekly
15
Q
8
210
%
G 5
+H*
0
Notl fed Sulgar Criéket Combined
Disturbed
4
5 20
4
o
o
210
—
o
#* 0
Notlfed Sulgar Criclzket Comllained
Disturbed
40
= 30
o3
o 20
—
o
3 10
0
Notl fed Su;;ar Cri(I;ket Comi)ined
Disturbed
Treatment

Figure 1. Descriptives of Lasius niger queen groups submitted
to different treatments on the basis of their pupae and worker
production in 49 days. Abbreviation: P&W, pupae and workers.
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Statistical analysis

All statistical analyses were performed using R v.4.2.2 (R Core
Team 2020). We applied linear regression models (LMs) to
evaluate the effects of sugar, cricket, and combined diet on the
number of P&W in separate models for treatments once or
weekly. We checked the normality of the response variables by
visual investigation of histograms and quantile—quantile plots,
and we excluded outlier cases to reach approximately normally
distributed variables (N = 220 colonies). We In-transformed the
number of pupae before executing LMs. The predictors were
centred and scaled before entering them into the models. To
keep our work simple, we have provided additional analyses of
our multifactor experimental design, including group compari-
sons, in the Supporting Information (Appendix S2).

RESULTS

For ant queens fed once at the beginning of the experiment (Fig.
1A), we found that the number of pupae increased when they
were treated with sugar (B = 0.120, t, =2936,P= .004), but
feeding the cricket diet (B = —0.034, t,, = —0.836, P = .405) or
the combined diet (f = 0.079, t, =1945,P= .054) resulted in
statistically similar numbers. Queens fed with crickets produced
more workers (f = 0.507, t,,=2.044,P= .043), but those fed
with sugar (§ = 0.066, t,, = 0.268, P = .789) or with the com-
bined diet (f = 0.107, ¢ ,, = 0.431, P = .667) were similar.

In contrast, production of pupae by weekly fed ant queens
(Fig. 1B) was significantly greater when treated with sugar
(B=0.089, t, =2184, P=.031) or crickets (p=0.104,
t=2557,P= .012). However, the largest effect was produced
by feeding the combined diet (f = 0.197, ¢, = 4.798, P < .001).
Interestingly, the number of workers was lower for queens fed
with sugar (B = -0.850, ¢, = —=3.061, P = .003) but higher for
queens fed with crickets (B =0.769, ¢, =2.769, P =.006).
The combined diet had no significant effect on the number of
workers (f = —0.327, .. = —1.181, P = .240).

We summed the number of P&W and found that ant queens
fed once produced a similar number of P&W regardless of the
diet (sugar: f = 0.405, t .= 1415, P = .159; cricket: § = 0.554,
t.,=1939, P=.055; combined: B=0414, t  =1444,
P =0.151), whereas weekly feeding with crickets (B = 1.194,
t,,, = 3.976, P < .001) had a highly significant effect on the total
number of P&W, but sugar (p = —0.358, t,,=-1187,P= 237)
and the combined diet did not (B =0.504, t,,=1681,
P =.095).

DISCUSSION

The results show the positive influence of feeding on colony-
founding success of L. niger queens in the laboratory. However,
different feeding frequencies and different diets influenced this
success on varying levels.

According to our experiment, the cricket-based diet and the
combined diet exerted the strongest influence on the number
of P&W, because the colonies that were fed with one of these
diets had more P&W than the colonies that were given a
sugar-based diet. Altogether, the least effective way of feeding
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was the regular sugar-based diet, because these colonies had
fewer workers. Consequently, the best way to reach the highest
number of P&W is the cricket diet (see also Supporting
Information, Appendix S2). It is interesting to note that the pri-
marily semi-claustral ant species are basically hunters and typ-
ically feed more on protein than on carbohydrates (Holldobler
and Wilson 1990).

Given that proteins are the basic nutritional component
of the body of an ant (Sorensen and Vinson 1981, Cassill and
Tschinkel 1999, Dussutour and Simpson 2008b, 2009, Csata
and Dussutour 2019), it seems obvious that a protein-rich diet
should yield the highest number of P&W, but Dussutour and
Simpson (2012) found that L. niger workers can die young from
a high-protein diet.

At first glance, it seems that our results confirmed that a sugar-
based diet alone is not sufficient for developing ant workers
(Dussutour and Simpson 2009, Kay et al. 2014, Madsen et al.
2017). However, we found that the number of pupae was higher
when feeding only once with the sugar-based diet (Fig. 1B),
which can be interpreted as a developmental delay. It is worth
noting here that a carbohydrate-based diet increases social
immunity in ants (Kay et al. 2014).

Interestingly, in the case of feeding with a combined diet, in-
dependently of the feeding frequency, fewer P&W were present
in the colonies than in the case of feeding with only crickets, ex-
cept for the number of the pupae in the case of weekly feeding.
At first, this seemed puzzling, but during the feeding procedure
we usually observed that if crickets and sugar solution were pro-
vided together, the queens attacked the dead crickets immedi-
ately and then started drinking the sugar solution. On the day
after feeding, food residues were removed, and at that time the
crickets were usually intact. Presumably, this way the larvae did
not get the extra protein we offered to the queen. This might in-
dicate that queens were engaged primarily with feeding them-
selves rather than their larvae.

Although claustral queens have adapted not to eat during
colony foundation (Brown and Bonhoeffer 2003, Matte and
Billen 2021), starvation is a stressor for them (Matte and Billen
2021). Based on our results (Fig. 1; Supporting Information,
Appendix S2), starvation seems more stressful for queens than
disturbance, because queens that were fed crickets weekly pro-
duced significantly more P&W than queens that were not fed
and not disturbed.

Although the queens that were not fed and were disturbed
produced fewer P&W than the queens that were not fed and
were not disturbed, there was no statistically significant differ-
ence between them. This was an unexpected finding that does
not clearly support the notion that the optimal habitat for ant
queens to found new ant colonies is a calm place (Andrasfalvy
1961, Brown and Bonhoeffer 2003).

After the number of P&W had been summed, only one stat-
istically significantly different group combination remained. We
explain these results with the suggestion that there might be dif-
ferences in the hatching days of workers from pupae in the case
of the different groups, which is worth testing further. These
findings summarize the main results clearly: the group of ant
queens that was fed with crickets weekly (and therefore also dis-
turbed) produced more P&W than the group of ant queens that
was not fed and not disturbed.

Consequently, weekly feeding with crickets is an effective
treatment to increase the number of the P&W of L. niger
queens. According to these findings and the experiences
of hobby ant keepers with numerous claustral ant species
(https://www.facebook.com/groups/hangyaszat), a cricket
diet and perhaps a combined diet might help claustral ant
queens during colony foundation. However, our results also
show that claustral ant queens usually raise a great number
of workers without any food supply. Nonetheless, it would
be worth considering the possible risks mentioned in the
Introduction.

Some characteristics of the semi-claustral strategy can re-
appear to a certain extent during the colony-founding period
among claustral ant queens (Brown and Bonhoeffer 2003).
Such features can make an evolutionary transition path from
claustral to semi-claustral colony founding (Peeters and Molet
2009). Our results confirm that the claustral colony-founding
strategy is a forced response to selective pressures, e.g. predation
(Holldobler and Wilson 1990, Brown and Bonhoeffer 2003),
and thus, limited brood size is a cost. However, artificial feeding
helps claustral ant queens during the colony-foundation period
and, consequently, they can raise more nanitic workers than
during starvation. Thus, our results confirm that the claustral
colony-founding strategy is affected by the reserved nutrients
available, in addition to body size and dispersal ability, under se-
lective pressures (Hélldobler and Wilson 1990, Johnson 2002,
2006, Brown and Bonhoeffer 2003).

SUPPLEMENTARY DATA

Supplementary data is available at Biological Journal of the
Linnean Society online.

ACKNOWLEDGEMENTS

We would like to thank Laura Tartally, Péter Imre Fébian, and Andrds
Mucsi for their help in queen collection. Melinda Babits contrib-
uted to a previous version of data analysis. We are grateful to Ferenc
Bathori and Eniké Toth for their suggestions during the preparation
of this manuscript. We also appreciate the constructive work of
Romain Libbrecht and two anonymous referees, who helped to im-
prove our work.

CONFLICT OF INTEREST

None declared.

FUNDING

AT. received funding through a Jénos Bolyai Scholarship of the
Hungarian Academy of Sciences and through the EFOP-3.6.1-16-2016-
00022 project (co-financed by the European Union and the European
Social Fund) and the UNKP-20-5 New National Excellence Program of
the Ministry of Human Capacities.

DATA AVAILABILITY

The data on which this article is based are available in the Supporting
Information (Appendix S1).

€202 JoquianoN €0 uo 1sanb Aq 8102 /61 | PEIG/UBSUUI0IG/EE0 |0 L/I0P/S[IE-9OUBADE/UEBSUUII0IG/UWO0D dNO"DILUSPED.//:SANY WOI) PAPEOJUMOQ


http://academic.oup.com/biolinnean/article-lookup/doi/10.1093/biolinnean/blad149#supplementary-data
http://academic.oup.com/biolinnean/article-lookup/doi/10.1093/biolinnean/blad149#supplementary-data
http://academic.oup.com/biolinnean/article-lookup/doi/10.1093/biolinnean/blad149#supplementary-data
http://academic.oup.com/biolinnean/article-lookup/doi/10.1093/biolinnean/blad149#supplementary-data
https://www.facebook.com/groups/hangyaszat
http://academic.oup.com/biolinnean/article-lookup/doi/10.1093/biolinnean/blad149#supplementary-data
http://academic.oup.com/biolinnean/article-lookup/doi/10.1093/biolinnean/blad149#supplementary-data

AUTHOR CONTRIBUTION

AT.and N.S. contributed to the study conception and design. A.T. and
N.S. contributed to the purchase of materials. The experimental works,
data preparation and data collection was performed by S.N. and A.T.
Data analyses were performed by J.N. The first draft of the manuscript
was written by S.N., A.T. and J.N. All authors commented on revised
versions of the manuscript. All authors read and approved the final
manuscript.

REFERENCES

Advento AD, Yusah K, Naim M et al. Which protein source is best for
mass-rearing of Asian weaver ants? Journal of Tropical Biology and
Conservation ~ 2022;19:93-107.  https://doi.org/10.51200/jtbc.
v19i.3940

Andrasfalvy A. Mitteilungen iber Daten des Hochzeitsfluges
verschiedener Ameisenarten in Ungarn und Ergebnisse von Versuchen
der Koloniegriindung im Formicar bei diesen Arten. Insectes Sociaux
1961;8:299-310. https://doi.org/10.1007/BF02226553

Aron S, Passera L. Mode of colony foundation influences the primary
sex ratio in ants. Animal Behaviour 1999;57:325-9. https://doi.
org/10.1006/anbe.1998.0973

Boomsma JJ, Leusink A. Weather conditions during nuptial flights of
four European ant species. Oecologia 1981;50:236-41. https://doi.
org/10.1007/BF00348045

Brown MJF, Bonhoeffer S. On the evolution of claustral colony founding
in ants. Evolutionary Ecology Research 2003;5:305-13.

Buschinger A. Evolution of social parasitism in ants. Trends
in  Ecology &  Evolution  1986;1:155-60.  https://doi.
org/10.1016/0169-5347(86)90044-3

Buschinger A. Social parasitism among ants: a review (Hymenoptera:
Formicidae). Myrmecological News 2009;12:219-35.

Cassill DL, Tschinkel WR. Regulation of diet in the fire ant, Solenopsis
invicta. Journal of Insect Behavior 1999;12:307-28. https://doi.
org/10.1023/a:1020835304713

Csata E, Dussutour A. Nutrient regulation in ants (Hymenoptera:
Formicidae): a review. Myrmecological News 2019;29:111-24.

Czechowski W, Pisarski B. Laboratory methods for rearing
ants (Hymenoptera, Formicoidea). Memorabilia Zoologica
1992;45:1-32.

Detrain C, Prieur J. Sensitivity and feeding efficiency of the black
garden ant Lasius niger to sugar resources. Journal of Insect Physiology
2014;64:74-80. https://doi.org/10.1016/jjinsphys.2014.03.010

Dussutour A, Simpson SJ. Description of a simple synthetic diet for
studying nutritional responses in ants. Insectes Sociaux 20082;55:329—
33. https://doi.org/10.1007/s00040-008-1008-3

Dussutour A, Simpson SJ. Carbohydrate regulation in relation to colony
growth in ants. The Journal of Experimental Biology 2008b;211:2224—
32. https://doi.org/10.1242/jeb.017509

Dussutour A, Simpson SJ. Communal nutrition in ants. Current Biology:
CB 2009;19:740-4. https://doi.org/10.1016/j.cub.2009.03.015

Dussutour A, Simpson SJ. Ant workers die young and colonies col-
lapse when fed a high-protein diet. Proceedings Biological Sciences
2012;279:2402-8. https://doi.org/10.1098/rspb.2012.0051

Gavilanez-Slone J, Porter SD. Colony growth of two species of solenopsis
fire ants (Hymenoptera: Formicidae) reared with crickets and
beef liver. Florida Entomologist 2013;96:1482-8. https://doi.
org/10.1653/024.096.0428

Holldobler BE & Wilson EO. 1990. The Ants. Cambridge: The Belknap
Press of Harvard University Press.

Claustral ant queens produce extrabrood whenfed « §

Johnson RA. Semi-claustral colony founding in the seed-harvester ant
Pogonomyrmex californicus: a comparative analysis of colony founding
strategies. Oecologia 2002;132:60-7. https://doi.org/10.1007/
$00442-002-0960-2

Johnson RA. Capital and income breeding and the evolution of colony
founding strategies in ants. Insectes Sociaux 2006;53:316-22. https://
doi.org/10.1007/s00040-006-0874-9

Jonsson KI, Jonsson KI. Capital and income breeding as alternative tac-
tics of resource use in reproduction. Oikos 1997;78:57-66.

Kay AD, Bruning AJ, van Alst A et al. A carbohydrate-rich diet in-
creases social immunity in ants. Proceedings Biological Sciences
2014;281:20132374. https://doi.org/10.1098/rspb.2013.2374

Keller L, Passera L. Size and fat content of gynes in relation to the mode
of colony founding in ants (Hymenoptera; Formicidae). Oecologia
1989;80:236-40. https://doi.org/10.1007/BF00380157

Lafleur LJ. The founding of ant colonies. Biological Bulletin
1941;81:392-401.

Madsen NEL, Offenberg J. Effect of pleometrosis and brood trans-
plantation on colony growth of the black garden ant, Lasius niger.
Asian  Myrmecology 2017;9:e009003. https://doi.org/10.20362/
am.009003

Madsen NEL, Serensen PB, Offenberg J. Sugar and amino acid preference
in the black garden ant Lasius niger (L). Journal of Insect Physiology
2017;100:140-5. https://doi.org/10.1016/jjinsphys.2017.05.011

Markin GP. Food distribution within laboratory colonies of the Argentine
ant, Tridomyrmex humilis (Mayr). Insectes Sociaux 1970;17:127-57.
https://doi.org/10.1007/BF02223074

Matte A, Billen J. Flight muscle histolysis in Lasius niger queens. Asian
Myrmecology 2021;13:1-16. https://doi.org/10.20362/am.013003

Miléek J, Addmkova A, Addmek M et al. Selected nutritional values of field
cricket (Gryllus assimilis) and its possible use as a human food. Indian
Journal of Traditional Knowledge 2018;17:518-24.

Peeters C & Molet M. Colonial reproduction and life histories. In: Ant
Ecology. Oxford: Oxford University Press, 2009, 159-176. https://
doi.org/10.1093/acprof:0s0/9780199544639.003.0009

R Core Team. 2020. R: a Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing. https://
www.r-project.org/

Seifert B. A taxonomic revision of the Paleartic members of the ant sub-
genus Lasius s str (Hymenoptera: Formicidae). Abhandlungen und
Berichte des Naturkundemuseums Gorlitz 1992;66:1-67.

Seifert B. 2018. The Ants of Central and Northern Europe. Tauer: Lutra.

Seifert B. A taxonomic revision of the Palaearctic members of the ant sub-
genus Lasius s.str. Soil Organisms 2020;92:15-86.

Sommer K, Holldobler B. Colony founding by queen association and
determinants of reduction in queen number in the ant Lasius niger.
Animal  Behaviour  1995;50:287-94.  https://doi.org/10.1006/
anbe.1995.0244

Sorensen AA, Vinson SB. Quantitative food distribution studies within
laboratory colonies of the imported fire ant, Solenopsis invicta
Buren. Insectes Sociaux 1981;28:129-60. https://doi.org/10.1007/
BF02223701

van Wilgenburg E, Mariotta M, Tsutsui ND. The effect of diet on colony
recognition and cuticular hydrocarbon profiles of the invasive
Argentine ant, Linepithema humile. Insects 2022;13:335. https://doi.
org/10.3390/insects13040335

Vogt JT. Attractiveness and effectiveness of an artificial diet fed to hy-
brid imported fire ants, Solenopsis invicta x richteri (Hymenoptera:
Formicidae). Florida Entomologist 2003;86:456-9. https://doi.
org/10.1653/0015-4040(2003)086[0456: AAEOAA]2.0.CO;2

Wilson EO. A monographic revision of the ant genus Lasius. Bulletin of the
Museum of Comparative Zoology at Harvard College 1955;113:1-201.

€202 JoquianoN €0 uo 1sanb Aq 8102 /61 | PEIG/UBSUUI0IG/EE0 |0 L/I0P/S[IE-9OUBADE/UEBSUUII0IG/UWO0D dNO"DILUSPED.//:SANY WOI) PAPEOJUMOQ


https://doi.org/10.51200/jtbc.v19i.3940
https://doi.org/10.51200/jtbc.v19i.3940
https://doi.org/10.1007/BF02226553
https://doi.org/10.1006/anbe.1998.0973
https://doi.org/10.1006/anbe.1998.0973
https://doi.org/10.1007/BF00348045
https://doi.org/10.1007/BF00348045
https://doi.org/10.1016/0169-5347(86)90044-3
https://doi.org/10.1016/0169-5347(86)90044-3
https://doi.org/10.1023/a:1020835304713
https://doi.org/10.1023/a:1020835304713
https://doi.org/10.1016/j.jinsphys.2014.03.010
https://doi.org/10.1007/s00040-008-1008-3
https://doi.org/10.1242/jeb.017509
https://doi.org/10.1016/j.cub.2009.03.015
https://doi.org/10.1098/rspb.2012.0051
https://doi.org/10.1653/024.096.0428
https://doi.org/10.1653/024.096.0428
https://doi.org/10.1007/s00442-002-0960-2
https://doi.org/10.1007/s00442-002-0960-2
https://doi.org/10.1007/s00040-006-0874-9
https://doi.org/10.1007/s00040-006-0874-9
https://doi.org/10.1098/rspb.2013.2374
https://doi.org/10.1007/BF00380157
https://doi.org/10.20362/am.009003
https://doi.org/10.20362/am.009003
https://doi.org/10.1016/j.jinsphys.2017.05.011
https://doi.org/10.1007/BF02223074
https://doi.org/10.20362/am.013003
https://doi.org/10.1093/acprof:oso/9780199544639.003.0009
https://doi.org/10.1093/acprof:oso/9780199544639.003.0009
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1006/anbe.1995.0244
https://doi.org/10.1006/anbe.1995.0244
https://doi.org/10.1007/BF02223701
https://doi.org/10.1007/BF02223701
https://doi.org/10.3390/insects13040335
https://doi.org/10.3390/insects13040335
https://doi.org/10.1653/0015-4040(2003)086[0456:AAEOAA]2.0.CO;2
https://doi.org/10.1653/0015-4040(2003)086[0456:AAEOAA]2.0.CO;2

