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Aggression, cooperation, and relatedness among colonies
of the invasive ant, Monomorium pharaonis, originating
from different areas of the world

Jan Frouz"*® Radek JoHN? Vaclav RurPES®, Gabor CEcH? & Kéaroly MARIALIGETI?

! Institute of Soil Biology, Biology Centre AS CR, Na Sddkdch 7, CZ-37005, Czech Republic

2 Charles University, Department of Ecology, Viniénd 7, CZ-12000, Prague, Czech Republic

3 Institute for Public Health, Srobdrova 48, CZ-10048, Prague, Czech Republic

*Eétvés Lordnd University, Department of Microbiology, Pdzmdny Péter sétiny 1/c, H-1117 Budapest, Hungary
5South Bohemian University, Department of Ecology, Branisovskd 31, CZ-37005, Czech Republic

8 Charles University, Institute for Environmental Studies, Benatska 2, CZ-12800 Prague, Czech Republic

Abstract: The cooperation and aggression between five laboratory colonies of Monomorium pharaonis were compared
using an aggressiveness test and pupa-carrying test in laboratory arenas. The colonies were derived from field collections
in different parts of Europe and USA. Generally, inter-colony aggressiveness was low and acceptance of pupae from other
colonies was high. Workers from one colony (Luziny, CZ), however, frequently displayed aggressive behavior when paired
with workers from other colonies, and the LuZiny pupae were avoided by workers of other colonies in pupa-carrying tests.
Behavioral tests were only partly consistent with the phylogenetic relatedness of ants because the Wisconsin colony (USA)
grouped with the Luziny colony (and not with the other three colonies) in the phylogenetic analysis but grouped with the
other three colonies in the behavioral tests.
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Introduction

Pharao ant Monomorium pharaonis (L., 1758) (Formi-
cidae, Myrmicinae) is an invasive ant species with cos-
mopolitan distribution (Czechowski et al. 2002). It is an
important indoor pest in homes and hospitals (Paecock
& Baxter 1949; Lauterer 1971; Beatson 1972), where it
can transmit a variety of diseases (Beatson 1972). This
species is very thermophilous and is restricted to heated
indoor locations in temperate areas (Beatson 1972) be-
cause it can not survive winter without protection. The
species has cosmopolitan distribution, the original (nat-
ural) range of its distribution is not clear.

Several authors reported that M. pharaonis forms
large colonies with a very low level of inter-colony ag-
gressiveness, but data supporting this observation are
lacking. The absence of inter-colony aggressiveness sug-
gests that this species underwent a substantial reduc-
tion of genetic diversity during invasion, which might
not only reduce inter-colony aggressiveness but even
cause superclonality as described for some other in-
vasive species, especially Linepithema humile (Mayr,
1868) (Formicidae, Dolichodemae) (Holway et al. 1998;
Tsutsui et al. 2000, 2003; Starks 2003).

The aim of this study was to measure inter-colony
aggressiveness and potential inter-colony cooperation
among five colonies of M. pharaonis collected from
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different parts of the world. The cognation of these
colonies was also tested by DNA techniques.

Material and methods

The five ant colonies used in this study were derived from
laboratory-reared colonies maintained in Prague; the rear-
ing system is described in Rupes et al. (1978). These colonies
were originally started as field collections from Wisconsin
(USA), Mannheim (Germany), Luziny (Prague, Czech Re-
public), Usti nad Labem (Czech Republic, hereafter only
“Usti”), and Olomouc (Czech Republic). From each of these
colonies we derived a smaller colony with 200-1000 workers
and 3-10 queens, which were kept in plastic dishes (12 cm
in diameter) with walls covered by fluon to prevent ants
from escaping. Colonies were held at 28°C, 12:12 h L:D
and supplied with boiled egg yolk, dead insects, and water
ad libitum.

The design of a pair aggressiveness test was modified
from Giraud et al. (2002). In each test a pair of workers, one
from each tested colony, was placed into a well-ventilated
circular arena 2.4 cm in diameter with walls covered by
fluon. The ants were observed for 5 minutes and any ag-
gressive behavior was recorded. Because the quality and
strength of the aggressive behavior were rather uniform, we
recorded only the presence or absence of aggression. Each
test used a washed arena freshly covered by fluon. The ag-
gression experiment was performed twice (trial 1 in Octo-
ber 2004 and trial 2 in March 2005), with five replicates
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Table 1. Aggression between workers from different colonies
(colony name indicates site of original collection) in the aggres-
siveness.

Colony
Colony Wisconsin Mannheim Usti Luziny Olomouc
Wisconsin USA 2/10 2/10 4/10* 1/10
Mannheim G 0/5 0/10 2/10 3/10*
Usti CZ 0/5 0/5 4/10%  2/10
Luziny CZ 0/5 0/5 2/5 0/10
Olomouc CZ 0/5 0/5 0/5 0/5

Explanations: Fractions indicate the incidents of aggressive be-
havior divided by total number of observations (results from trial
1 have a denominator of 5 and those from trial 2 have a demoni-
nator of 10). An asterisk indicates that occurrence of aggressive
behavior was more frequent than random according to x? test,
P < 0.05. No aggression was observed between workers from the
same colony. USA — United States of America, G — Germany, CZ
— Czech Republic.
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Fig. 1. Diagram of arena used for pupa-carrying cooperation test.

trial 1 and 10 replicates in trial 2 (Table 1). For each repli-
cate different ants were used and no worker was used twice
in aggressivity test. Controls, which consisted of two work-
ers from the same colony, were replicated five times in trial
1 and 10 times in trial 2. The x? test was used to deter-
mine whether the occurrence of aggression was more fre-
quent than random.

The pupa-carrying test as initially described by Rosen-
gren et al. (1994) and then modified by Maeder et al. (2005)
was used to measure potential cooperation. An experimen-
tal arena was made from a Petri dish 6 cm in diameter. The
wall of the arena was covered by fluon, and an access pipe
connected the centre of the arena with the chamber below;
chambers were constructed from two cover slides (17 x 61
mm) with wooden “walls” on the periphery that maintained
a clearance between cover slips of about 1 mm. To start a
test, eight pupae from one colony (colony A) and eight from
a different colony (colony B) were alternated at the periph-
ery of the arena. About 20 workers from colony A were then
placed in the chamber. The workers could then use the ac-
cess pipe to enter the arena and carry out pupae (Fig. 1).
When a worker started to carry a pupa, we recorded whether
the pupa was from the “home” colony (worker from colony
A selects pupa from colony A) or “alien” colony (worker
A selects pupa B); that worker was then removed and the
selected pupa was replaced with a new pupa. Data were
recorded for the first 10 workers that selected pupae. Then
the same experiment was repeated with new set of pupae
from colonies A and B as above but in this second run
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workers from colony B were placed in the chamber and al-
low to choose pupae. So for each pair of colonies we have
two experiments in which both colonies were used as both
“home” and “alien” colony. Experiments were repeated with
all combinations of the five colonies in pairs. The protocol
developed by Maeder et al. (2005) was used to test the hy-
pothesis that workers selected their own pupae (from the
home colony) more frequently than random.

Ants used for the behavioral tests were subjected to
DNA analysis. Genomic DNA from frozen ants was ex-
tracted using a QIAGEN DNeasy™ tissue kit (animal tis-
sue protocol; Qiagen) and stored at 4°C. The CO I gene
was amplified using the primers C1-J-2195 (Simon et al.
1994) and CW 3031 (Heinze et al. 2005) in a 50 ul reac-
tion, which contained 3 ul of extracted genomic DNA, 10
ul 1 mM deoxy-ribonucleotide triphosphates (dANTPs, MBI
Fermentas), 0.5 ul of each primer (32.5 uM), 5 ul 10X Taq
buffer (MBI Fermentas), 4 pl 25 mM MgCls, 1 ul Taq poly-
merase (1 U) (MBI Fermentas), and 26 ul DEPC water. The
PCR cycle consisted of an initial denaturation step of 98°C
for 5 min; followed by 35 cycles of 94°C for 1 min, 50°C
for 1 min, and 72°C for 90 s; and finally a terminal exten-
sion at 72°C for 7 min and storage at 4°C. PCR reactions
were performed in an Applied Biosystems 2720 Thermal Cy-
cler. The PCR products were subjected to electrophoreses
in 1.0% agarose gels in Tris-Acetate-EDTA (TAE) buffer.
The gels were stained with 1% ethidium bromide, and the
PCR products were purified with the PCR-MTM Clean Up
System (Viogene).

Purified PCR products were sequenced in both di-
rections with the above-mentioned primers using the ABI
BigDye Terminator v3.1 Cycle Sequencing Kit with an ABI
310 Genetic Analyser. The forward and reverse sequences
were aligned in BioEdit (Hall 1999) and ambiguous bases
were clarified using corresponding ABI chromatograms. Nu-
cleotide sequences were aligned with the software CLUSTAL
W (Higgins et al. 1994). The alignment was corrected man-
ually using the alignment editor of the software MEGA
3.1 (Kumar et al. 2004). DNA sequence similarities were
calculated with the Sequence Identity Matrix of the soft-
ware BioEdit. Phylogenetic calculations were performed
with MEGA 3.1. The data were analyzed with neighbor-
joining using the Tamura-Nei parameter (Tamura & Nei
1993) and with maximum parsimony. Temnothoraz duloti-
cus Wesson, 1937 (Formicidae, Myrmicinae) was selected as
an outgroup.

Results

In each aggressiveness test, both workers typically met
20 to 40 times. Non-aggressive behavior during this
meeting typically consisted of antennation. Aggressive
behavior was very uniform: the attacking worker bit
the opponent in the petiolus. No aggressive behavior
was observed in control pairs where two workers from
the same colony were used, and aggressive behavior was
quite rare between workers from different colonies. In
the first trial, only two cases of aggressive behavior were
observed (both in the pair Usti — Luziny) but this inci-
dence of aggressive behavior did not differ significantly
from random incidence. In the second trial, the aggres-
sive behavior was more common and its occurrence was
significantly different from random in three cases, two
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Fig. 2. Bootstrap consensus tree of relatedness based on nearest neighbour join (top) and maximum parsimony (bottom).

Table 2. Cooperation between colonies as indicated by the pupa-
carrying test.

Alien colony

Home colony Wisconsin Mannheim Usti Luziny Olomouc

tiated between their own and alien pupae. An excep-
tion was that workers from all other colonies carried
fewer Luziny pupae than pupae from their own colonies
(Table 2). On the other hand, Luziny workers did not
differentiate between their own and alien pupae (Ta-
ble 2). Workers significantly preferred pupae from their

Wisconsin ns ns P<005 ms own colony in only one other case, which was with
Mannheim ns ns P < 0.05 P<0.05 .
Usti s ns P <005 s Mannheim workers and Olomouc pupae.

Luziny ns ns ns ns
Olomouc ns ns ns P < 0.05

Explanations: In this test, workers selected between pupae from
their own colony (the home colony) and from a different colony
(the alien colony). P < 0.05 indicates that workers carried pupae
from the home colony significantly more often than pupae from
alien colony, while ns indicates that workers did not distinguish
between home and alien pupae.

of which included the LuZiny colony (Table 1). Overall,
however, aggressive behavior was rare in both trials.
In the pupa-carrying test, workers rarely differen-

From the cytochrome oxidase I gene, approxi-
mately 750 base pairs were amplified but only 724 base
pairs were used in the phylogenetic calculations because
of gaps at the alignment of outgroup sequences. Among
the Monomorium sequences, there were no insertions
or deletions. Both the neighbor-joining and maximum
parsimony trees supported the phylogenetic separation
of the Luziny and Wisconsin colonies from the other
colonies; bootstrap values were 98% and 94%, respec-
tively. The group level distance was 12.7% (i.e., 12.7
bases differ in 100 base-pair gene length). The only
Monomorium sequence in the GenBank grouped with
the Luziny and Wisconsin ant genes.
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Discussion

In agreement with the previous assumption (Holldober
& Wilson 1990), the aggressiveness and pupa-carrying
tests demonstrated a low level of aggressiveness and a
high level of potential cooperation between M. pharao-
nis colonies originating from different parts of the
world. The level of cooperation and aggressiveness was
not related to the geographic distance between the lo-
cations where the colonies were collected. Most Euro-
pean colonies showed no aggressiveness towards Ameri-
can colonies, but the Luziny colony from Prague was ag-
gressive when confronted with some colonies from other
places of the Czech Republic. The behavioral tests were
consistent in that all colony pairs showing aggressive be-
havior also showed pupal selection in the pupa-carrying
test. The pupa-carrying test, however, indicates that
pupal differentiation can be a one-way process because
in all pairs where workers of one colony preferred their
own pupae to the alien pupae, the worker of the other
colony did not differentiate between their own and alien
pupae. The reason for this phenomenon is not clear
and requires more study. Behavioral tests were only
partly consistent with the phylogenetic analysis because
the Luziny and Wisconsin colonies fell in a different
cluster from all of the other colonies based on genetic
data but the Wisconsin colony was grouped with the
other colonies and not with the Luziny colony based on
the behavioral data. An inconsistency between behav-
ioral and phylogenetic analysis was also demonstrated
by the aggressiveness between Olomouc and Mannheim
nests.

According to phylogenetic analysis, the Monomo-
rium CO I gene sequences form two distinct groups sep-
arated at a distance of 12.7%, which in other related ant
genera (e.g., Temnothoraz, Cardiocondyla, Solenopsis)
denotes species-level differences. Based on this informa-
tion, a taxonomic revision of the species Monomorium
pharaonis is highly recommended.

The results suggest that during the invasion of this
species there were only a few, but at least two, col-
onization events. This bottleneck apparently caused a
decrease in the genetic variability of the two lines of
the species and resulted in the relatedness of recent
world populations. A similar phenomenon was observed
in another species of invasive ants, Linepithema humile
(Starks 2003; Tsutsui et al. 2000, 2003). However, that
a decrease in inter-colony aggressiveness does not corre-
spond completely with colony relatedness suggests that
factors other than relatedness affect inter-colony be-
haviour.
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References

Beatson H. 1972. Pharaoh ants as pathogen vector in hospitals.
The Lancet 19: 425-427.

Czechowski W., Radchenko A. & Czechowska W. 2002. The Ants
(Hymenoptera, Formicidae) of Poland. Muzeum and Institute
of Zoology PAS, Warszawa, 200 pp.

Giraud T., Pedersen J.S. & Keller L. 2002. Evolution of super-
colonies: The Argentine ants of southern Europe. Proc. Nat.
Acad. Sci. USA 99: 6075-6079.

Hall T.A. 1999. BioEdit: A user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT.
Nucleic Acid 41: 95-98.

Heinze J., Trindl A., Seifert B. & Yamauchi K. 2005. Evolution
of male morphology in the ant genus Cardiocondyla. Mol.
Phylogenet. Evol. 37: 278-288.

Hélldober B. & Wilson E.O. 1990. The Ants. Harvard University
Press, Cambridge, Massachusetts, 732 pp.

Holway D.A., Suarez A.V. & Case T.J. 1998. Loss of intraspecific
aggression in the success of widespread invasive social insect.
Science 282: 949-952. DOI 10.1126/science.282.5390.949

Kumar S., Tamura K. & Nei M. 2004. MEGA3: Integrated soft-
ware for molecular evolutionary genetics analysis and se-
quence alignment. Briefings in Bioinformatics 5: 150—163.
DOI 10.1093/bib.5.2.150

Lauterer 1971. Poznamky k bionomii a metodice hubeni mravence
faraonského (Monomorium pharaonis). Ceskoslovenska Hy-
giena 16: 86-91.

Maeder A., Freitag A. & Cherix D. 2005. Species and nestmate
brod discrimination in the sibling wood ant species Formica
paralugubris and Formica lugubris. Ann. Zool. Fenn. 42: 201—
212.

Paecock A.D. & Baxter A.T. 1949. Studies in Pharaoh ants I.
The rearing of artificial colonies. Entomol. Mon. Mag. 86:
171-427.

Rosengren R., Chautems D., Cherix D., Fortelius W. & Keller L.
1994. Separation of two sympatric sibling species of Formica
L. ants by a behavioural choice test based on brood discrim-
ination. Memorabilia Zoologica 48: 237-249.

Rupes V., Hrdy 1., Pitnerova J., Zdarek J. & Kiecek J. 1978.
The influence of methopren on pharaoh ant, Monomorium
pharaonis colonies. Acta Entomol. Bohemoslov. 75: 155-163.

Simon C., Frati F., Beckenback A., Crespi B., Liu H. & Flook
P. 1994. Evolution, weighting, and phylogenetic utility of mi-
tochondrial gene sequences and a compilation of conserved
PCR primers. Ann. Entomol. Soc. Amer. 87: 651-701.

Starks P.T.T. 2003. Selection for uniformity: xenophobia and in-
vasion success. Trends Ecol. Evol. 18: 159-162.

Tamura K. & Nei M. 1993. Estimation of the number of nu-
cleotide substitutions in the control region of mitochondrial-
DNA of humans and chimpanzees. Mol. Biol. Evol. 10: 512—
526.

Thompson J.D., Higgins D.G. & Gibson T.J. 1994. CLUSTAL:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Res. 22:
4673-4680. DOI 10.1093/nar/22.22.4673

Tsutsui N.D., Suarez A.V. & Grosberg R.K. 2003. Genetic diver-
sity, asymetrical aggression, and recognition in a widespread
invasive species. Proc. Nat. Acad. Sci. USA 100: 1095-1100.

Tsutsui N.D., Suarez A.V., Holway D.A. & Case T.J. 2000. Re-
duced genetic variation and the success of an invasive species.
Proc. Nat. Acad. Sci. USA 97: 5948-5953.

Received October 9, 2007
Accepted October 8, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice




