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ABSTRACT: Information on the location of ant nests and the possibility of estimating the colony
size without opening the natural nest sites would be useful during many studies. This paper
describes a trial for estimating the colony size of acorn ants of the genus Temnothorax without
opening and destroying the potential nest sites. During the study, in September and October,
acorns were collected and transferred to a laboratory. Next, after spending at least 24 hours in
the refrigerator, each acorn was situated in a separate square Petri dish with a drop of honey
and observed for 90 minutes. During this period, workers outside acorns were counted. Then,
the acorns were opened, and ants counted. The method turned out well for distinguishing which
collected acorns contain ant colonies; however, it was not possible to estimate the real size of
the colony without opening the acorns. The method could be useful for a study in which
information about the presence of an ant colony in certain potential nest sites is important.
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Introduction

Studies on ants frequently demand a transfer of
the ant colonies to artificial nest sites
(Czechowski & Pisarski 1992). However, the
parameters of artificial and natural nesting sizes
could differ; for example, the physical
parameters, e.g., humidity, as well as the
presence of microorganisms are different in
artificial nest sites (cf. Mitrus 2021), and these
parameters could affect the mortality of
workers and the colony development.
Therefore, the possibility of using natural nest
sites and applying a method for estimating the
colony size without opening the potential nest
sites would be useful for numerous studies.

Ants of the genus Temnothorax are used in
many studies on social insect ecology,
behaviour, and the evolution of life histories
(Heinze 2006, Dornhaus et al. 2009, Pratt
2010). This genus is a suitable model because
of the small number of workers in a colony, the
small body size, and the possibility to easily
rear the colonies, e.g., via the possibility of
keeping a whole colony in a Petri dish and
feeding the ants with dead invertebrates and
honey (Czechowski & Pisarski 1992, Heinze
2006). The ants typically do not construct nest
sites, but use the available cavities. Depending
on the species, they may inhabit cavities in the
dry branches of living trees, rocks or fallen
twigs; they can also nest under stones, in acorns
and directly in the ground (Czechowski et al.
2012, Prebus 2017).

For laboratory studies using Temnothorax
ants, when the ant colonies are collected, the
natural nest sites are typically destroyed; for
example, acorns potentially inhabited by the
ants are opened when looking for the colonies.
Next, the workers are collected, and the
colonies are transferred to plastic boxes
containing an artificial nest cavity — such a
cavity could be prepared between two
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microscope slides (Czechowski & Pisarski
1992, Pratt 2005, Mitrus 2021). Many field
experiments using the Temnothorax ants also
demand the use of artificial nest sites. For such
field studies, artificial nest cavities could be
fashioned in wood or pieces of cork, as the
Temnothorax ants willingly accept such sites
(Foitzik et al. 2003, Honorio et al. 2020, Mitrus
2021). For example, such artificial nest sites
were used during a study on the overwintering
survival rate (Mitrus 2013, 2016, Honorio et al.
2021). However, such artificial sites are
stronger than empty acorns or small twigs, and
thus, the mortality of whole colonies caused by
predation or by destroying whole nest sites
could differ.

The current study aimed to develop and
test a method to estimate the colony size of the
acorn ants without opening and destroying the
potential nest sites, i.e., old acorns collected on
the ground in a forest. The hypothesis that the
number of acorn ants feeding outside the nest is
related to the colony size was tested.

Material and method

The species used during the study, the
acorn ant  Temnothorax  crassispinus
(Karawajew, 1926), mostly inhabits acorns and
small fallen sticks (Czechowski et al. 2012,
Seifert 2018), where the larvae of other insects
have bored cavities (Foitzik et al. 2004,
Myczko et al. 2017). It lives in light coniferous
and mixed forests and is present throughout
Central and Eastern Europe. Colonies of the
species are small, typically ranging from a few
dozen to about 200 workers, while the workers
are approx. 2-4 mm in size (Czechowski et al.
2012, Seifert 2018).

For this study, 49 acorns of the common
oak Quercus robur L. were collected on 6
September 2021, and 50 acorns were collected
on 19 October 2021, in a mixed forest with a
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few oaks (Poland, Opole District, 50.6247N,
18.1090E; and  50.5814N,  18.1822E,
respectively). In these areas, a high density of
T. crassispinus colonies had been discovered
during previous studies. Each of the collected
acorns had a hole, probably caused by beetle
larvae activity, or had other damage like cracks.
Based on previous experience, such acorns
frequently contain colonies of the ant species.
33 of the 49 acorns collected in September had
a hole, and 26 of the 49 acorns had cracks (ten
of them had both a hole and a crack); while 43
of the 50 acorns collected in October had a hole
and nine of the 50 had cracks (two of them had
both a hole and a crack). Each acorn was placed
separately into a small, tightly closed plastic
box, and was transported to a laboratory. Then,
the boxes with the acorns were kept in a
refrigerator at a temperature of ca. 7°C. The
next day, after spending more than 24 hours in
the refrigerator, the boxes were opened and
each acorn was situated in a separate square
Petri dish (10.2 cm % 10.2 cm % 1.9 cm). In the
dish, about 3.5 cm from the acorn, a small metal
circle with a drop of honey was situated. The
dishes were kept at a temperature of ca. 22°C,
and were observed for 90 minutes. The
observations started immediately after acorns
were situated in the Petri dishes. Every 15
minutes, i.e. six times, the workers outside
acorn (i.e., the ants feeding on the honey,
walking on the acorn, and just in the Petri
dishes) were counted. The observations
finished after 90 minutes, as after such a period,
the ants had completely eaten the honey in some
dishes. As a result, the highest number of
simultaneously observed ant workers over 90
min census was used.

The acorns' length and average width were
measured to the nearest 0.1 mm. The acorn
volume was estimated from the following
formula: 4/ 3 x w x (length / 2) x (width / 2) x
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(width / 2). However, it was impossible to
precisely measure three of the acorns due to
damage — the data on the size of such acorns
was not used in further analyses. Then, the
acorns were carefully opened, and the ants were
captured with an aspirator and counted. In the
case of an acorn containing several workers
only, and where no eggs or pupae were found,
they were classified as ‘sites containing only a
few individuals’.

Using the two-way analysis of variance, it
was checked if the volume of acorns was
similar in acorns contained colonies vs. acorns
with no ants, and compared volume of acorns
collected in September vs. October. The
assumptions for normality and the homogeneity
of variance were checked prior to the analysis;
the distributions of data were skewed; thus, they
were log-transformed before the analysis — the
logl0 function was used. As there were no
differences in volumes of acorns with ant
colonies and containing no ants (F = 0.49, df =
1, p = 0.48), and between acorns collected in
September and October (F = 1.61,df =1, p =
0.21), data gathered in both months were
analysed together.

The Spearman’s rank correlation was used
to assess the relations between the maximum
simultaneously observed ant workers over 90
min census in a Petri dish and the number of
workers found in an acorn, as the data
distributions were skewed. For the acorns
containing the ant colonies, the Spearman’s
rank correlation was also used to assess the
relationship between the volume of the acorn
and the number of workers in the colony.

All statistical analyses were carried out
using the Statistica, ver. 13 (TIBCO 2017)
software package. All the probability values
shown are two-tailed.
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Results

Colonies of Temnothorax crassispinus
were found in 23 of the 99 collected acorns,
with another seven acorns containing only a
few individuals. No individuals of other ant
species in the acorns were found. In the 49
acorns collected in September, 13 colonies
were found (11-284 workers; two queenless and
11 queenright ones); in five acorns, 1-4 workers
were found. In the 50 acorns collected on
October, 10 colonies were found (7-257
workers; two queenless, seven with one queen,
and one with two queens), while in two acorns
contained a single worker each.

When the acorns were situated in the Petri
dishes, ant workers were observed in 18/49 and
10/50 of the dishes, for the acorns collected in
September and October, respectively. 0-18
workers were simultaneously noticed in
different dishes. During the 90 min observation,
no workers were observed in only two of the 30
acorns (i.e., 23 with the ant colonies, and the
next seven containing only a few individuals)
later determined to contain ants: for a colony
containing a queen and seven workers, and for
an acorn inside which one worker was later
found; in both cases, these were acorns
collected in  October. The highest
simultaneously observed number of workers in
the arena of the Petri dish was typically noticed
after 45 or 60 min, while the first worker was
observed before 30 min, but rarely earlier than
15 min, from the beginning of the observation.

For all the acorns containing any ants, the
maximum number of simultaneously observed
workers was correlated with the number of ants
in the collected acorn (the Spearman’s rank
correlation, Rs = 0.68, N = 30, p < 0.0001; Fig.
1). For the ant colonies, there was correlation
between the volume of the acorn and the
number of workers (Rs = 0.52, N = 22, p =
0.012).
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Figure 1. Relation between the highest number of
simultaneously observed ant workers in an arena
and number of workers inside the acorn, for the
acorn ant Temnothorax crassispinus. An acorn with
a hole or a crack was situated in a Petri dish (10.2
cm x 10.2 cm), and the workers outside the acorn
were counted every 15 minutes for an observation
period of 90 minutes. Additionally, a drop of honey
was available for the ants in the arena. The data for
September and October are marked, however, all
the data analysed together (see text).

Discussion

Opening an ant nest cavity will typically
destroy it, causing stress to the animals. Thus,
estimating the colony size without opening the
natural nest sites would be useful. The results
of this study showed that the described method
IS a good technique for distinguishing which
collected acorns contain ant colonies. However,
the proposed method does not allow estimating
the real size of the colony. For example, in
October, in an arena, a single worker was
observed for an acorn with one worker and for
acorns containing queenright colonies with 91
and 257 workers, respectively.

Colonies differ in activity because of
different reasons, e.g., temperature. Relocation
to a laboratory could affect the ant activity, as
well. Thus, keeping the colonies in the
refrigerator aimed to standardize the conditions
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for the study. However, for example, colonies
collected in the field might differ in food
supply, and such initial differences could
explain part of the observed variability. This
research was performed in September and
October, as in autumn, colonies are frequently
collected for studies on overwintering ants
(Mitrus 2013, 2016, Honorio et al. 2021).
However, the season could have an influence on
the results. During another study, in the early
spring before the ant activity started (at the
beginning of March), using — as was later
determined — 14 acorns containing ant colonies,
no workers were observed in the arena of the
Petri dishes during the 90 min observation
(unpublished results). Thus, the period of 90
min was probably too short to start the ant
workers’ activity. As these acorns were
collected before the ant activity started, it is
possible that some of the holes used by the ants
as entrances to the cavities were blocked,
meaning that the ants would need more time to
emerge from the nest sites.

During previous studies, it was found that
the nest site size was correlated with the colony
size for T. nylanderi (Forster, 1850) (Foitzik &
Heinze 1998); however, the volume of the nest
site, not just the nest cavity, was analysed in
their study. Similarly, this study found a
correlation between the volume of the acorn
and the colony size. During another study, T.
crassispinus  colonies  inhabited  more
frequently bigger artificial cavities, when
pieces of wood with different volume cavities
were available (Mitrus 2015). In this study, no
difference in the volume of the acorns with ant
colonies and those containing no ants was
found. However, the volume of the acorn itself
may not be directly connected with the
available chamber for the ants; additionally, the
sample sizes were small.
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Estimating ant colony size is important for
many studies, but typically is not easy, and used
method could have strong influence on
colonies. Such methods like nest excavation or
opening nest chambers are destructive. The
mark-release-recapture  method is time-
consuming — it involves capturing, marking,
and recapturing of individual workers (Skorka
et al. 2006, Chen & Robinson 2013).
Additionally, as in colonies of ants of the genus
Temnothorax, a large proportion of workers
could not be active for longer periods
(Charbonneau & Dornhaus 2015), such
methods are probably not suitable for the ants.
For Myrmica species, fast and non-destructive
methods, based on a tendency of workers to
climb up on wooden sticks put into their nests,
were described (Skorka et al. 2006). This
method gives an average estimate of about
+40% of real nest size when based on a single
sample, thus may be enough during a study on
ants living in large colonies. Probably, this
method can be used not only for Myrmica, but
also for aggressive ant species like genera
Lasius and Formica (Skorka et al. 2006), but
not for Temnothorax species. Generally,
methods should be tested for specific species or
groups of similar species — for example the
study by Ballard & Pruess (1980) used method
that provided good estimates for some colonies
and species but unsatisfactory estimates for
others.

The described in this paper method could
help find if an ant colony inhabits an acorn
without destroying it, but does not provide
sufficient means to estimate the exact size of the
colony inside. Another possibility to determine
if in any potential nest sites for ant colonies are
present — like acorns or twigs — is just through
the direct observation of such objects. During
such observations, it is often possible to notice
workers, €.g., on an acorn containing a colony
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or just emerging from a nest cavity. Still, such
a potential site will need to be observed longer,
and typically only one or two workers can be
simultaneously observed. Thus, the direct
observation of potential nest sites in the field is
not useful when looking for ant colonies on a
larger scale. Placing traps with honey in the
field could help find the presence of acorn ants
in a specific area (through personal
observation). Still, it is not easy to find the nest
sites, as the maximum observed foraging
distance of the workers of T. crassispinus could
be larger than 1.5 m (Fokuhl et al. 2012). A
small arena — in the study, a 10.2 cm x 10.2 cm
Petri dish was used — enabled all the workers
outside the nest cavity to be easily observed.
Additionally, keeping the potential sites at a
low temperature (in the study, 7°C, for more
than 24 hours) and then carrying them to a
much higher temperature (22°C) probably
stimulated the workers to start foraging. Thus,
the described method could be useful for
studies in which information about the presence
of an ant colony in exact potential nest sites is
important, but the nest sites should not be
destroyed.

Acknowledgments

| wish to thank anonymous reviewers for
their valuable comments on the previous
version of this article. This research was funded
by the Institute of Biology, University of Opole.

Bibliography

Ballard J.B., Pruess. K.P. 1980. Ant
population estimation by removal sampling.
Journal of the Kansas Entomological Society,
53(1): 179-182.

Charbonneau D., Dornhaus A. 2015.
Workers 'specialized’ on inactivity: Behavioral
consistency of inactive workers and their role in

Mitrus S. Colony size of the acorn ant and number of workers outside the nest

Fragmenta Naturae, vol. 56: 26-33 (2023)

task allocation. Behavioral Ecology and
Sociobiology, 69(9): 1459-1472.

Chen Y.H., Robinson E.J.H. 2013. A
comparison of mark-release-recapture methods
for estimating colony size in the wood ant
Formica lugubris. Insectes Sociaux, 60(3):
351-359.

Czechowski W., Pisarski B. 1992.
Laboratory methods for rearing ants
(Hymenoptera, Formicoidea). Memorabilia

Zoologica. Polska Akademia Nauk, Instytut
Zoologii, Warszawa.

Czechowski W., Radchenko A.,
Czechowska W., Vepsildinen K. 2012.
The ants of Poland with reference to the
myrmecofauna of Europe. Museum and
Institute of Zoology of the Polish Academy of
Sciences, Natura optima dux Foundation,
Warszawa.

Dornhaus A., Holley J.-A., Franks N.R.
2009. Larger colonies do not have more
specialized workers in the ant Temnothorax
albipennis. Behavioral Ecology, 20(5): 922-
929.

Foitzik S., Backus V.L., Trindl A.,
Herbers J.M. 2004. Ecology of Leptothorax
ants: Impact of food, nest sites, and social

parasites. Behavioral Ecology and
Sociobiology, 55(5): 484-493.
Foitzik S., Heinze J. 1998. Nest site

limitation and colony takeover in the ant
Leptothorax nylanderi. Behavioral Ecology,
9(4): 367-375.

Foitzik S., Strdatz M., Heinze J. 2003.
Ecology, life history and resource allocation in
the ant, Leptothorax nylanderi. Journal of
Evolutionary Biology, 16(4): 670-680.

Fokuhl G., Heinze J., Poschlod P. 2012.
Myrmecochory by small ants — Beneficial

ISSN 2544-3941
10.5281/zenodo.10409055



effects through elaiosome nutrition and seed
dispersal. Acta Oecologica, 38: 71-76.

Heinze J. 2006. Life in a nutshell — social
evolution in formicoxenine ants. In: Kipyatkov
V.E. (Ed.), Life Cycles in Social Insects:
Behaviour, Ecology and Evolution, pp: 49-61.
St. Petersburg University Press, St. Petersburg.

Honorio R., Doums C., Molet M. 2020.
Manipulation of worker size diversity does not
affect colony fitness under natural conditions in
the ant Temnothorax nylanderi. Behavioral
Ecology and Sociobiology, 74,104: 1-11.

Honorio R., Doums C., Molet M. 2021.
Worker Size Diversity Has No Effect on
Overwintering  Success under  Natural
Conditions in the Ant Temnothorax nylanderi.
Insects, 12,379: 1-12.

Mitrus S. 2013. Cost to the cavity-nest ant
Temnothorax  crassispinus  (Hymenoptera:
Formicidae) of overwintering aboveground.
European Journal of Entomology, 110(1): 177—
179.

Mitrus S. 2015. The cavity-nest ant
Temnothorax crassispinus prefers larger nests.
Insectes Sociaux, 62(1): 43-49.

Mitrus S. 2016. Size-related mortality during
overwintering in cavity-nesting ant colonies
(Hymenoptera: Formicidae). European Journal
of Entomology, 113: 524-527.

Mitrus S. 2021. No effect of lack of wood for
acorn ant colonies development. The European
Zoological Journal, 88(1): 77-85.

Mitrus S. Colony size of the acorn ant and number of workers outside the nest

Fragmenta Naturae, vol. 56: 26-33 (2023)

Myczko L., Dylewski L., Chrzanowski
A., Sparks T.H. 2017. Acorns of invasive
Northern Red Oak (Quercus rubra) in Europe
are larval hosts for moths and beetles.
Biological Invasions, 19(8): 2419-2425.

Pratt S.C. 2005. Behavioral mechanisms of
collective nest-site choice by the ant
Temnothorax curvispinosus. Insectes Sociaux,
52(4): 383-392.

Pratt S.C. 2010. Nest Site Choice in Social
Insects. In: Breed M.D., Moore J. (Eds),
Encyclopedia of Animal Behavior, volume 2:
534-540. Academic Press, Oxford.

Prebus M. 2017. Insights into the evolution,
biogeography and natural history of the acorn
ants, genus Temnothorax Mayr (hymenoptera:
Formicidae). BMC Evolutionary Biology,
17,250: 1-22.

Seifert B. 2018. The Ants of Central and
North Europe. Lutra, Tauer, Germany.

Skorka P., Witek M., Woyciechowski
M. 2006. A simple and nondestructive method
for estimation of worker population size in
Myrmica ant nests. Insectes Sociaux, 53(1): 97—
100.

TIBCO 2017. Statistica (data analysis
software system), version 13.: TIBCO Software
Inc.

Received: 30.11.2023

Accepted: 13.12.2023

ISSN 2544-3941
10.5281/zenodo.10409055



Streszczenie

Informacje dotyczace lokalizacji gniazd mrowek oraz mozliwos$¢ oszacowania liczebnosci kolonii
bez otwierania gniazd moga by¢ przydatne w trakcie wielu badan. W niemniejszej pracy opisano probe
oszacowania wielkosci kolonii mrowek z rodzaju Temnothorax zamieszkujacych zotedzie bez
otwierania 1 niszczenia potencjalnych miejsc gniazdowych. W trakcie badan, we wrzesniu i
pazdzierniku, zebrano zotedzie i1 przeniesiono je do laboratorium. Nast¢pnie po ponad 24 godzinach
przetrzymywania w lodéwce, kazdy zotadz umieszczano w osobnej szalce Petriego, w ktorej dostepny
byt pokarm (midd) i prowadzono obserwacje przez 90 minut. Policzono robotnice mréwek widoczne
na zewnatrz zoledzi. Nastgpnie otworzono zotedzie i policzono znajdujace si¢ w nim mréwki. Metoda
okazata si¢ skuteczna w rozréznieniu, w ktorych z zebranych zotedzi znajdowaly si¢ kolonie mrowek,
ale bez otwarcia gniazda nie bylo mozliwos$ci oszacowani rzeczywistej wielkosci kolonii. Opisana
metoda moze by¢ przydatna w badaniach, w ktorych istotna jest informacja o obecnosci kolonii
mrowek w potencjalnych miejscach gniazdowych.
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