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INTRODUCTION

Competition is one of the major factors regulat-
ing population density and spatial distribution 
of individuals (Pulliam 2000). Competition is 
often categorized into three types: i) exploita-
tion competition may occur when consumption 
of essential resources by one organism/species 
subsequently reduces the gain of others; ii) in-
terference competition may occur when one or-
ganism/species limits the other from accessing 
essential resources; and iii) agonistic interference 
competition, a form of interference competition 
where direct physical interaction occurs among 
organisms/species, and the winner occupies the 
resources (Reitz & Trumble 2002). When exploi-
tation competition and/or interference competi-
tion between competing species are asymmetric, 
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this can lead to displacement/exclusion (Reitz & 
Trumble 2002). Typically, more aggressive spe-
cies successfully occupy and defend essential 
resources at the cost of less aggressive species 
(Huffaker & Gutierrez 1999). As a result, many 
species avoid resources occupied by more ag-
gressive competitors, in order to avoid potentially 
costly interactions (Schowalter 2000).
	 Evidence for both intraspecific and in-
terspecific competition is common in ants (Ad-
ams 1994; Tanner & Adler 2009), and because 
colonies are largely sessile once settled, one as-
pect of colony ant life history for which compe-
tition is likely to be critical is nest site choice. 
Ants are known to be very choosy when it comes 
to nest site selection. For example, T. albipennis 
ants assess nest sites by various properties includ-
ing cavity height, width, floor area and abundance 
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of nest entrances before making a choice (Franks 
et al. 2003, 2006; Robinson & Sendova-Franks 
2008). Ants also take into account the presence 
of potential competitors when selecting a nest 
(Franks et al. 2007). However, both factors can 
affect nest choice simultaneously, and it remains 
unclear which (nest quality or competition) is 
more important and how they may interact.
	 In this study, we reveal the effects of 
two conditions, i.e., the quality of the nesting 
site and the presence of an interspecific competi-
tor simultaneously, on the nesting site selection 
of Temnothorax congruous, through a series of 
laboratory experiments using two sympatric ar-
boreal species, T. congruus and Crematogaster 
teranishii. Crematogaster teranishii sometimes 
colonizes the nesting sites of T. congruus (Yama-
guchi 1992) and Crematogaster spp. can be ag-
gressive toward sympatric ant species (Stanton et 
al. 2005; Izzo et al. 2009; Flanders et al. 2013). 
Thus, T. congruus and C. teranishii may compete 
with each other for nest sites and other resources.

MATERIALS AND METHODS

The myrmicine ant species Temnothorax con-
gruus (Smith 1874) and Crematogaster teranishii 
(Santschi 1930) are both black-colored and small 
sized (2.5-3 mm in body length of the workers).  
They are widespread in Japan, and usually inhabit 
forest edges, bushes and gardens. They nest in-
side hollow dead branches and dead grass stems. 
The typical T. congruus colony consists of a sin-
gle mated queen, approximately 200 workers and 
immatures (Yamaguchi 1992).
	 Temnothorax congruus and C. teranishii 
are frequently found from the same sites and the 
same localities in the Kanto District; Ibaraki, 
Tochigi, Gunma, Saitama, Chiba, Tokyo and 
Kanagawa (Kazutaka Syoji, pers. obs.).

Sampling colonies
A total of 266 colonies of T. congruus and 110 
colonies of C. teranishii were sampled in Hachio-
ji, Hino and Machida Cities (Tokyo Metropolitan 
area), and Sagamihara City (Kanagawa Prefec-
ture), Japan, from November 2014 to October 
2015. These colonies were used for all related 
preliminary trials and experiments in this study. 

Colonies were found by gently splitting dead 
branches/stems of Hydrangea spp. (Hydrange-
aceae) and bamboo grass, and then each nest was 
put into a plastic container and carried back to 
the laboratory. Because sampling activities were 
conducted in abandoned green spaces in/around 
residential zones, no permission for such activi-
ties was required. The colonies were then kept 
inside an artificial climate chamber (NK system, 
BIOTRON, LPH200) at 27 oC.

Preparation for experiments
A total of 93 colonies of T. congruus and artifi-
cial 50 colonies of C. teranishii were used for 
the following experiments. All of the T. congruus 
colonies were queenright; the median number of 
the workers and larvae + pupae per a T. congruus 
colony was 59 (interquartile range: 39 to 80) and 
58 (interquartile range: 35 to 88), respectively.
	 At least 24 hours prior to the experi-
ments, each colony of T. congruus together with 
the nest was transferred separately into a plastic 
petri dish (87 mm in diameter, 15 mm in height) 
with lids. Each nest occupied by a C. teranishii 
colony was destroyed, and 50 workers were 
transferred into a plastic petri dish (87 mm in di-
ameter, 15 mm in height) with an artificial nest 
material (black-colored plastic drinking straw: 
6 mm in diameter, 50 mm in length). The walls 
of petri dishes were coated with talc powder (hy-
drated magnesium silicate, Mg3Si4O10(OH)2) to 
prevent ants from escaping. Honey water (ca. 20 
% honey solution) was always available except 
during the experiments mentioned below. One 
randomly selected colony of each species was 
used in each experimental trial, and each colony 
was used only once.

Design of experimental arena and artificial nests
The experimental set-up is shown in Figure 1. 
Five plastic petri dishes (87 mm in diameter, 15 
mm in height, with a lid and talc-coated wall; 
hereafter referred to as “sites”) were placed in 
a white plastic container (250 mm in width, 320 
mm in length, 115 mm in height, with a lid and 
talc-coated walls; hereafter referred to as the 
“arena”). Sites were connected with arched white 
plastic strips (5 mm in width, 10 mm in length, 3 
mm in thickness, 2.5 cm in height of arc; hereaf-
ter referred to as “bridges”). Ants can move from 
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one site to another only via bridges because the 
talc-coated walls of the areas prevent ants from 
otherwise climbing out.
	 Three types of artificial nesting sites 
were made from black-colored plastic drinking 
straws (hereafter referred to as “straws”): “Straw 
A”, 50 mm in length, 6 mm in diameter, with en-
trances at both ends; “Straw B”, 50 mm in length, 
6 mm in diameter, with entrances at both ends 
and a pair of additional entrances (5 mm in diam-
eter) at the middle; “Straw C”, 50 mm in length, 
13 mm in diameter, with entrances at both ends. 
Diameter of straw A is very similar to the natural 
nests of T. congruus and C. teranishii from our 
field experience. T. congruus ants usually stay in 
middle of the straw A from preliminary trials ob-
servations. Straw B was made as lower quality 
nest site than straw A, as holes made the middle 
of the straw less attractive. In many cases, T. con-
gruus and C. teranishii colonies can not be found 
in the field from the nests which have larger di-
ameter than that of straw A. So straw C also rep-
resents a low quality nest site for these ants.
	 These straws were fixed to the bottom of 
the sites using an electric hot glue gun.
	 Prior to each trial, the arenas, sites and 
bridges were washed with 100 % ethanol and 

plain water in order to remove influence of previ-
ous trials (such as effects of residual pheromone). 
New straws were used for each trial.

Experiment 1: effect of nest quality
In order to evaluate the effect of nest quality, the 
following trials were done under the absence of 
C. teranishii. A T. congruous colony was driven 
from their nest and released into site 3, and then 
two types of straws were placed in sites 2 and 
4, with the positions of the two types of straws 
alternated to avoid biases from spatial preference 
(Pratt et al. 2001; McLeman et al. 2002) in the 
following manner: (i) Straw A vs. Straw B: Straw 
A in the site 2 and B in 4 (11 trials), and Straw B 
in the site 2 and A in 4 (11 trials), and (ii) Straw 
A vs. Straw C: Straw A in the site 2 and C in 4 
(10 trials), and Straw C in the site 2 and A in 4 
(11 trials).
	 We designed straws to represent a hi-
erarchy of nest quality. However initial results 
indicated that ants did not discriminate between 
Straws B and C. These can thus be considered as 
equally ‘bad’ nests, whereas straw A was a ‘good’ 
nest. Our analysis does not report on tests be-
tween Straws B and C.

Fig. 1. The construction of the arena in the experiments. This construction was used throughout all experiments. 
Sites indicated by straws used various straw nest types (see Methods).
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Experiment 2: effect of distance from Crema-
togaster teranishii nest
In order to evaluate the effect of distance from 
the C. teranishii nest, the following trials were 
done: a straw A was placed in site 2 and 4; a T. 
congruus colony was driven from their nest and 
released in the site 3, and a straw containing a C. 
teranishii colony was placed in site 1 (10 trials) 
or in site 5 (18 trials). Thus, the distance from the 
T. congruus colony to the two straws was always 
the same, and the distance from the C. teranishii 
colony to one straw was always three times far-
ther than to the other straw.

Experiment 3: effect of nest quality vs. effect 
of distance from Crematogaster teranishii nest
In order to compare the effect of nest quality and 
that of distance from the C. teranishii nest, the 
following trials were done: a straw A was placed 
in site 2, and a straw B in site 4; a T. congruus 
colony was driven from their nest and released in 
the site 3, and a containing a C. teranishii colony 
was placed in the site 1 (11 trials). To avoid biases 

from spatial preference, the following trials were 
also done: a straw A was placed in the site 4, and 
a straw B in the site 2; a T. congruus colony was 
released in site 3, and a straw nested by a C. tera-
nishii colony was placed in the site 5 (11 trials).

Statistical analyses
After 24 hours, living and dead workers, queen 
and larvae + pupae of T. congruus in each straw, 
on each site, on each bridge, and outside the sites 
and bridges were counted. As an index of nesting-
site preference (hereafter abbreviated as PI), the 
proportion of the number of workers, queen or 
larvae + pupae in each straw to the total number 
of the workers, queen or the larvae + pupae in the 
colony was calculated; the PI of queens was 0 or 
1 because all of the colonies used in the present 
study were monogynous.
	 PIs were then compared within each 
experiment using Kruskal-Wallis rank sum tests 
followed by pairwise Mann-Whitney U tests. A 
Bonferroni correction was applied to the signifi-
cance level due to there being multiple compari-

Fig. 2. Results of experiment 1 - 3. Results of experiment 1 (a & b), experiment 2 (c) and experiment 3 (d) are 
plotted using box plot. Different letters on the top of the box indicate groups which differ significantly for fol-
lowing tests within each experiment. The y-axis indicates the proportion of the total colony in each nest (PIs). 
Letters on the x-axis indicate the straw types, distance from the C. teranishii and castes (SA, straw A; SB, straw 
B; SC, straw C; (fC), far from the C. teranishii; (nC), near the C. teranishii; A, adult workers; LP, larvae + pupae; 
Q, queen). Boxes indicate the interquartile range; horizontal lines within boxes indicate the medians; whiskers 
include all points to 1.5 times the interquartile range; short horizontal lines indicate the maximum value and the 
minimum value within 1.5 times the interquartile range; Solid circles indicate the outliers.
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sons. A Pearson‘s Chi-squared test with Yates‘ 
continuity correction was used to compare num-
ber of workers, queen and larvae + pupae in the 
nests within each test (Experiment 1 - 3).
	 In the same way, we compared the mor-
tality rate and number of dead adults across treat-
ments. All statistical analyses were conducted us-
ing R v. 3.2.0 and EZR v. 1.28 on R commander 
(Kanda 2015; Fox 2005; R Core Team 2015).

RESULTS

Experiment 1: effect of nest quality
PIs of living workers, queen, and larvae + pupae 
were significantly higher in straw A than in B 
(Kruskal-Wallis rank sum test; Chi2 = 103.19, N= 
22, df = 5, P < 0.0001 Figure 2a), and in straw A 
than in C (Kruskal-Wallis rank sum test; Chi2 = 
122.49, N = 21, df = 5, P < 0.0001; Figure 2b).
	 The number of workers, queen and lar-
vae + pupae in straw A and straw B was signifi-
cantly different (Chi-squared test; workers, Chi2 
= 1422.5, df = 1, p < 0.0001; larvae + pupae, 
Chi2 = 2503.4, df = 1, p < 0.0001; queen, Chi2 = 
32.82, df = 1, p < 0.0001). The number of work-
ers, queen and larvae + pupae in the straw A and 

straw C were significantly different (Chi-squared 
test; workers, Chi2 = 2117.4, df = 1, p < 0.0001; 
larvae + pupae, Chi2 = 2470.1, df = 1, p < 0.0001; 
queen, Chi2 = 38.1, df = 1, p < 0.0001).

Experiment 2: effect of distance from Crema-
togaster nest
PIs of living workers, queen, and larvae + pupae 
were significantly higher in the straw far from the 
C. teranishii nest than in the straw near the C. ter-
anishii nest (Kruskal-Wallis rank sum test; Chi2 
= 53.36, N = 28, df = 5, P < 0.0001; Figure 2c).
The number of workers, queen and larvae + pupae 
in the straw far from the C. teranishii and straw 
near the C. teranishii was significantly different 
(Chi-squared test; workers, Chi2 = 444.14, df = 1, 
p < 0.0001; larvae + pupae, Chi2 = 1348.9, df = 1, 
p < 0.0001; queen, Chi2 = 9.75, df = 1, p < 0.01)

Experiment 3: effect of nest quality vs. effect 
of distance from Crematogaster nest
PIs of living workers, queen, and larvae + pupae 
were significantly higher in the straw B far from 
the C. teranishii nest than in the straw A near 
the C. teranishii nest (Kruskal-Wallis rank sum 
test; Chi2 = 92.35, N = 22, df = 5, P < 0.0001; 
Figures 2d).

Fig. 3. The mortality rate of adults in the experiment. Different letters on the top of the bars indicate groups which 
differ significantly following multiple tests. The y-axis indicates the mortality rate of adults (workers and queen). 
The numbers of the x-axis within the brackets indicate the experiment numbers. Samples sizes were as follows: 
T. congruus (1), N = 43: T. congruus (2), N = 28: T. congruus (3), N = 22: C. teranishii (2), N = 28: C. teranishii 
(3), N = 22. Boxes indicate the interquartile range; horizontal lines within boxes indicate the medians; whiskers 
include all points to 1.5 times the interquartile range; short horizontal lines indicate the maximum value and the 
minimum value within 1.5 times the interquartile range; Solid circles indicate the outliers.
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	 The number of workers, queen and lar-
vae + pupae in the straw B far from the C. ter-
anishii and straw A near the C. teranishii were 
significantly different (Chi-squared test; workers, 
Chi2 = 1305.8, df = 1, p < 0.0001; larvae + pupae, 
Chi2 = 2929.5, df = 1, p < 0.0001; queen, Chi2 = 
24.77, df = 1, p < 0.0001).

Mortality rate of adults (workers and queen)
Mortality rate of adults during the trials differed 
significantly between experiments in T. congruus 
(Kruskal-Wallis rank sum test; Chi2 = 83.69, df 
= 4, P < 0.0001; Figure 3). The number of dead 
adults and mortality rate of T. congruus were sig-
nificantly higher in the presence of C. teranishii 
than in the absence of C. teranishii (experiment 1 
vs. 2; Chi-squared test, Chi2 = 331.56, df = 1, p < 
0.0001; Mann & Whitney U test, p < 0.0001: Ex-
periment 1 vs. 3; Chi-squared test, Chi2 = 360.32, 
df = 1, p < 0.0001; Mann & Whitney U test, p 
< 0.0001). There was no significant difference in 
the number of dead adults and mortality rate of T. 
congruus between experiment 2 and experiment 
3 (Chi-squared test, Chi2 = 1.53, df = 1, p = 0.22; 
Mann & Whitney U test, p = 1).
	 The mortality rate of C. teranishii col-
onies workers was higher experiment 3 than in 
experiment 2 also (Kruskal-Wallis rank sum test; 
Chi2 = 83.69, df = 4, P < 0.0001; Figure 3). The 
number of dead adults in C. teranishii colonies 
was also significantly higher in experiment 3 than 
in experiment 2 (Chi-squared test; Chi2 = 42.99, 
df = 1, p < 0.0001). However, there was no sig-
nificant difference in the mortality rate of C. tera-
nishii between experiment 2 and experiment 3 
(Mann & Whitney U test, p = 0.82). 

DISCUSSION

Factors affecting nest site selection of Temno-
thorax congruus
The results of experiment 1 suggest that T. con-
gruus colonies prefer straws that are narrow and 
have a small number of entrances (i.e., straw A). 
Temnothorax albipennis also prefers nests with 
narrow entrances (Franks et al. 2003, 2006), and 
these may provide defensive and survival advan-
tages to the colonies. In nature, tube-like struc-
tures such as dead branches/stems of Hydrangea 

spp. and bamboo grass often have many holes 
and cracks. In nature, stems of bamboo grass 
nests have only one entrance and T. congruus col-
onies build collars to reduce the entrance size. So 
usage of structures containing holes may increase 
the risks of desiccation (Bollazzi and Roces 
2007) and/or invasion by intra and interspecific 
competitors (Franks & Partridge 1993) and may 
require additional costs for maintaining/repairing 
the nest (Franks 1992). Thus, the fitness of T. con-
gruus colonies may be improved by evaluating 
the quality of tube-like structures and avoiding 
low-quality ones.
	 Experiment 2 suggests that T. congruus 
colonies prefer nesting sites far from C. tera-
nishii nests. Crematogaster spp. are aggressive 
to sympatric ant species (Stanton et al. 2005; 
Izzo et al. 2009; Flanders et al. 2013), and C. 
teranishii colonies sometimes use nesting sites 
which were previously occupied by T. congruus 
colonies (Yamaguchi 1992). Thus, the avoidance 
of C. teranishii colonies could reduce the future 
risks of competition for food, nesting sites, and/
or other resources.
	 Both physical and biotic factors can af-
fect nesting site selection in ant colonies (Franks 
et al. 2003, 2006, 2007, 2008), but experiment 3 
suggests that the presence of C. teranishii affects 
nesting site selection of T. congruus more strong-
ly than the quality of nesting sites.

Mortality rate of adults and aggressive behaviors
The results of experiments 2 and 3 reveal that the 
mortality rate of T. congruus adults was higher in 
the presence of C. teranishii than in their absence. 
This seems to be caused by aggressive behaviors 
of the C. teranishii workers toward the T. con-
gruus workers.
	 The T. congruus workers were exposed 
to a high risk of encountering the C. teranishii 
workers during scouting nesting sites, carrying 
nest mates, and tandem running. So, the presence 
of the C. teranishii workers may affect the effi-
ciency of the nesting site selection and emigra-
tion process by T. congruus colonies.
	 Despite the apparent threat posed by C. 
teranishii, the mortality rate of workers was high-
er in C. teranishii than in T. congruus. This could 
be partly caused by T. congruus ants resistance 
to aggression of C. teranishii. Some C. teranishii 
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workers were killed by biting of some T. congru-
us workers in experiment 2 and 3. 
	 Temnothorax congruus workers often 
became immobile when encountering C. tera-
nishii workers (Syoji & Eguchi 2015). Although 
some T. congruus workers showed mandible 
opening behavior toward encountering C. tera-
nishii workers (which is thought to be a threat 
behavior; Guerrieri & D‘Ettorre 2008), immobil-
ity behavior was much more frequently observed 
than mandible opening behavior. Thus we con-
clude that T. congruus ants prefer to avoid C. ter-
anishii ants during nest site selection even though 
perhaps they can resist the aggression of C. tera-
nishii ants.

CONCLUSION

In this study, we revealed that T. congruus nest 
site selection was much more affected by the 
presence of C. teranishii than by nest quality. 
This suggests that, at least with regard to the 
range of nest types selected, the avoidance of the 
aggressive interference from C. teranishii work-
ers is more important than the quality of nesting 
sites during a nest site selection.
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