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Nest Emigration Behavior of the Asian Needle Ant, Brachyponera chinensis Emery 
(Hymenoptera: Formicidae)

Introduction

The process of nest emigration is essential to the 
propagation and establishment of ant colonies. Many ant 
colonies are labile with members changing nest location 
in response to drought, flooding, predation, competition, 
budding, and nest disturbance (Fowler, 1981, Tay & Lee, 
2015). Although emigration is a familiar process, recruitment 
methods during emigration differ between and within ant 
species (Hölldobler & Wilson, 1990; Planque et al., 2010). 
Recruitment methods include pheromone trail following, tandem 
running, and physical adult transport (Maschwitz et al., 1986, 
Beckers et al., 1989). A single species may employ a variety 
of recruitment methods during an emigration event. For 
example, Bothroponera tesseronoda (Emery) uses tandem 
running and trail following to complete emigration (Jessen & 
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Maschwitz, 1986), whereas tandem running is preceded by 
adult transport in Neoponera obscuricornis (Emery) (Traniello 
& Hölldobler, 1984) and Leptothorax albipennis (Curtis) 
(Pratt et al., 2002).      

Adult transport by ants was initially characterized 
solely as a nest emigration recruitment method (Haskins and 
Haskins 1950). However, Guénard and Silverman (2011) re-
described the physical transport methods of the invasive Asian 
needle ant, Brachyponera chinensis (Emery), during foraging 
expeditions (Takimoto, 1988). The foraging recruitment method, 
tandem carrying, is a newly described context-dependent 
recruitment behavior, occurring three to ten times more often 
when a food item is too large to be moved by a single worker. 
In addition to being a new foraging strategy, tandem carrying 
was further distinguished from other forms of adult transport 
because the carrying posture differed from previously described 
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transport postures (Guénard & Silverman, 2011). In other ant 
species, worker ants are grasped and/or transported by the 
mandibles, the neck, or on their side (Möglich & Hölldobler, 
1974), whereas ants being transported during tandem carrying 
are grasped between their first and second pairs of legs on the 
ventral mesothorax. Guénard and Silverman (2011) described 
this region as the mesometasternum but this designation is 
incorrect, as the sternites on ants are internal invaginations and 
not external features.

Research on B. chinensis has increased due to its 
potential as a public health threat (Cho et al., 2002; Nelder 
et al., 2006; Lee et al., 2009), negative impact on native and 
introduced ant species populations (Guénard & Dunn, 2010; 
Bednar et al., 2013; Spicer-Rice & Silverman, 2013), spread in 
the southeastern U.S., and potential spread into areas outside 
its current range (Bertelsmeier et al., 2013). B. chinensis 
typically nests in downed timber or under objects in contact 
with the soil, usually in areas where termites are abundant, 
contributing to their success (Bednar & Silverman, 2011). 
Identifying and determining the potential for geographic 
spread and nesting behavior are central to understanding the 
invasive ecology of B. chinensis.

During field and laboratory observations, B chinensis 
workers engaged in adult transport. The observed transport 
took place in the absence of immovable food items. The ants 
were physically transporting nestmates to various locations in 
space but we did not identify any subsequent tasks. Because 
adult transport occurred outside of foraging recruitment and 
is commonly associated with nest emigration, we hypothesize 
that B. chinensis employ adult transport to complete nest 
emigration using the posture assumed during tandem carrying 
reported by Guénard and Silverman (2011). In the laboratory 
study reported here, field-collected colony fragments were 
subjected to identical nest emigration trials elicited by physical 
disturbance to determine the recruitment methods of B. chinensis 
during emigration. Also, in a separate study, ants were marked 
with paint and subsequently subjected to nest emigration 
trials to determine the extent of task allocation during nest 
emigration in B. chinenesis. 

Materials and Methods

Twenty queen-right B. chinensis nests were collected 
from different locations within the Clemson Experimental 
Forest, a mixed hardwood-pine forest in Pickens County, 
SC (34043’55.018” N,82051’6.654” W) between August-
October 2012 and April-June 2013. Each nest used in the 
study contained at least one queen, brood, and 200 worker 
ants. Laboratory trails were conducted between September-
November 2012 and April-June 2013. Collected nests were 
subjected to experimental trials within one week of collection. 
Ants nests were housed 20 gallon uncovered plastic tubs 
(40.89 cm x 39.06 cm) and provided with a glass test-tube 
(250 mm x 25 mm) wrapped in red transparent cellophane 

with a piece of moistened cellulose sponge inside as a water 
source (Figure 1). Test-tube harborages were used to mimic 
B. chinensis galleries in fallen timber. Colonies were fed 
Reticulitermes sp. workers, and Tenebrio molitor (Linnaeus) 
larvae ad libitum, and maintained at 21°C at a 12:12 L/D cycle 
with 70-80% RH.

All studies were conducted in arenas consisting of a 
plastic container (60 cm x 42 cm x 16 cm) divided into equal 
halves by a 37-cm acrylic glass insert (Figure 1).  Before 
testing began, an uninhabited glass test-tube harborage was 
placed in one half of the arena, and the other half remained 
empty. Because the acrylic glass insert was not completely 
flush with the bottom of the arena, 37-cm strips of Play-
Doh® (Hasbro Corporation, Pawtucket, RI) were used to seal 
openings. Worker ants inspected Play-Doh® strips but did not 
attempt to feed on or remove the inserts. 

Colony emigration studies were conducted concurrently 
in separate treatment (n = 10) and control (n = 10) arenas. 
Overall, ten colonies were used per treatment. On the day of 
experimentation, a colony subset consisting of 200 workers, 
one queen, and 20 brood items (eggs, larvae, or pupae) were 
manually removed from two separate colonies and transferred 
to two different glass test-tubes (250 mm x 25 mm) using 
featherweight forceps and/or a small paintbrush. Each test-
tube, wrapped in red transparent cellophane, contained a 
piece of moistened cellulose sponge as a water source (Figure 
1). After removal, the test subjects were allowed to acclimate 
to the new environment for two hours. Treatments consisted 
of a physical nest disturbance, defined as manually removing 
all nest members and associated materials from a test tube 
harborage. Specifically, during disturbance, the sponge insert 
was removed and the test tube was lightly shaken to dislodge 
any ants remaining in the test tube. Any ants latching onto 
the sponge insert were removed using a paintbrush. Test-
tube harborages were not physically disturbed in control 
treatments. In each round of experimental trials two colonies 
were selected. Selected colonies were randomly designated as 
“treatment” or “control” and were used once during the study.  
In both treatments, the Play-Doh® barrier and plexiglass inserts 
were removed from the arenas after a one-hour acclimation 
period, permitting unrestricted ant movement.  

Data collection began after the first successful carrying 
event was observed. Successful transport consisted of the 
carried individual being released inside the new harborage. 
All carrying events were visually observed, time of carry 
was recorded, as well as the total number of successful 
carries. Data collection ceased after 90 minutes. Preliminary 
data indicate, after this time, the interval between carrying 
events was greater than five minutes. A one-way Wilcoxon 
test was conducted to determine differences between total 
number of successful transports occurring in treatment and 
control arenas during nest emigration trials (JMP® Pro 10, 
SAS Institute, Inc. 2012. Cary, NC). A P-value of < 0.05 
indicated statistical significance. The difference in number of 
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ants being carried in 15-minute intervals was compared using 
a Repeated Measures MANOVA in SAS 9.3 (SAS Institute, 
Inc. 2012. Cary, NC). A P-value of < 0.05 indicated statistical 
significance. All raw data provided as Supplementary Material.

trails were taken with a Sony Cybershot® camera (Sony 
Corporation of America, New York, NY). All images provided 
as Supplementary Materials.

Results

Brachyponera chinensis workers used adult transport 
as a recruitment method during nest emigration. In total, we 
observed 396 successful transport events in treatment arenas 
and 42 in control arenas. The mean number of successful 
transports occurring in treatment arenas (39.6 ± 6.94 SD) was 
significantly more than the number of successful transports 
observed (4.2 ± 2.2 SD) in control arenas (see Supplementary 
Materials). Treatment had a significant effect on the number 
of successful transports occurring during the study (Wilcoxon 
Test, x2 = 14.35, p = 0.0002). On average, 19% of ants 
were physically transported inside the new harborages. The 
remaining 81% of ants walked into the new harborage without 
worker assistance.

We observed workers in treatment arenas organizing 
into task-associated groups before acrylic glassinserts were 
removed. Groups consisted of brood retrievers, members of 
the queen’s tending group, and scouts (see Supplementary 
Materials). Queen-tending ants surrounded the queen, remaining 
with the group until the queen walked into the new harborage. 
Scouting groups consisted of transporting and non-transporting 
worker ants. Non-transporting scouts moved around the arena 
but not in a particular pattern. After the insert was removed, 
ants either remained in groups or began walking into or under 
the new test tube harborage. Adult transport began after 
several scouts explored the new test tube harborage 12-15 
minutes after the trial began (Figure 2).     

The number of successful transports occurring every 
fifteen minutes in treatment arenas was compared. Results 
indicate that the number of transports did change with time 
(F= 62.58,p = 0.0002). Once initiated, transport continued at 
a steady rate for 30 min. (Figure 2). Transport rates remained 
constant from 35 to 50 minutes. During this period, retrieval 
and placement of brood from the open arena into the new 
harborage became the focus of non-transporting ants. Queen 
ants were also moved during the 35-55 minute period. After 
55 minutes, the number of successful transports increased 
again for 15 minutes on average.

When transporting scouts encounter other ants, the 
pair interacts by drumming their antennae together. In each 
successful case, the ant being transported lowers its head, 
allowing the transporting ant to grasp it by the mandibles. 
From this position, as defined by Guénard and Silverman 
(2011), the carried ant assumes a pharate pupal posture and 
eventually is grasped on its venter. The pair then walked 
toward the harborage; however, the path to the new nest site 
may not be direct. Once the pair reaches the new nest, the 
carrier ant releases its nest mate within the harborage. The 
carrier may remain inside the nest or return to the arena after 
releasing its nestmate. 

Task Allocation

To determine if  B. chinensis workers performed repeated 
adult transport episodes during emigration, worker ants were 
marked with paint and subjected to physical disturbance. The 
ants used in the current study were obtained from four of the 
nests used in the previous study. As part of the study, two 
hundred worker ants were removed from a colony along with 
one queen and brood. Queen ants and brood items were not 
marked with paint during trials. Before marking, five ants 
were selected, placed into a 1.5 mL plastic medicine cup, and 
transferred to a freezer (-18 0C) for 2 minutes. After removal 
from the freezer, the ants were transferred from the medicine 
cup to onto a chilled metal panel. To mark an ant, a single ant 
was placed onto a foam platform with a single strand of hair 
taped down as a loop. The hair loop served as a restraint for 
the ants. Worker ants were marked on the head, abdomen, 
or thorax with Testors® modeling paint (Testors,Vernon 
Hills, IL) to distinguish workers. After marking, each ant 
was placed into a plastic container (60 cm x 42 cm x 16 cm). 
The queen ant and brood items were transferred to the arena 
after the worker ants were distributed. A glass test 250 mm x 
25 mm) wrapped in red transparent cellophane with a piece 
of moistened cellulose sponge inside as a water source was 
added to the arena to elicit emigration. Observational data was 
recorded but statistical analyses were not performed. Pictures 
of worker and queen assemblages during nest emigration 

Fig 1. Brachyponera chinensis nest emigration arena (60.9 cm x 
42.6 cm x 16.7 cm) with test tube (250 mm x 25 mm) harborages, 
plexiglass insert, and Play-Doh® lining. Test tubes are wrapped with 
red cellophane paper with a moistened 8-cm sponge inserted. During 
experimental trials, the plexiglass insert, Play-Doh®, and one har-
borage were removed allowing the ants to freely move in the arena. 

http://www.researchgate.net/profile/Benoit_Guenard


Sociobiology 64(4): 430-436 (December, 2017) 433

The marking experiments were not successful but one 
ant was observed performing two consecutive transports. The 
marked ant picked up a nestmate dropped her off inside of 
the harborage and immediately entered the arena to retrieve 
another nestmate. Consecutive transporting was not observed 
in any of the other trials.  

Discussion       

Social carrying in B. chinensis was initially characterized 
as a context-dependent behavior performed only to recruit 
nestmates to food items too large to be carried by individual 
ants, a process known as tandem carrying (Guénard & Silverman, 
2011). The data presented in the current study indicate that B. 
chinensis workers also employ adult transport during nest 
emigration.

In some ant species, adult transport during emigration 
is sometimes preceded by tandem running (Möglich, 1978; 
Traniello & Hölldobler, 1984; Pratt, 2005). Brachyponera 
chinensis, however, do not employ multiple methods during 
emigration. On average in this study, 19% of workers were 
physically transported into the new harborages during trials 
and the remaining 81% traveled alone to the nest site. 
Consequently, the question of how non-transported ants locate 
new nest sites remains unanswered. Non-transported ants 
were observed walking directly into the harborage without 
exhibiting tandem-running or trail-laying behavior. However, 
for a worker ant to locate the new nest site, directional cues 
must be present. Guénard and Silverman (2011) attempted to 
determine if B. Chinensis use trail pheromones during tandem 
carries, but their experimental results were inconclusive. 
However, the use of trail pheromones should not be discounted. 

To exclude pheromones as a contributing factor, gaster 
positions during emigration must be analyzed and extractions 
of glands commonly associated with pheromone production, 
such as the Dufour’s gland or pygidial gland should be made 
(Holldobler et al., 1982). In addition to chemical signaling, 
tactile and visual signaling should also be evaluated as 
directional cues used by B. chinensis during emigration. 

Although adult transport is an effective recruitment 
strategy for B. chinensis, each carrying attempt is not 
successful. The “transporting” ant always initiated the 
process in this experiment, but the “transported” ant may 
resist. Resisting ants pull away from the transporter or place 
their thorax/abdomen on the floor of the arena, preventing the 
other ant from gaining the leverage needed for carrying. This 
observation lies in accordance with Langridge et al. (2008) 
who documented comparable behaviors in Temnothorax 
albipennis (Curtis) during colony emigration.An unsuccessful 
transport could be the result of a “transporter” ant encountering 
an individual that previously experienced visiting the new 
nest, another “transporter”, or encountering an ant responsible 
for protecting brood or the queen. 

Before initiating transport, B. chinensis worker ants 
organized into groups. Groups consisted of scouts, brood 
tenders, and the queens’ retinue. Scouting ants spent time 
exploring the foraging arena and were the first to locate 
the new nest. It appeared that worker ants were protecting 
the queen during emigration. Queen protective behavior 
during emigration was also observed in Oecophylla 
longinoda Latrielle, the weaver ant (Holldobler & Wilson, 
1983). Oecophylla longinoda queen sexude exocrine gland 
produced pheromones that attract workers to the queen 
during emigrations, allow workers to produce trophic eggs, 

Fig 2. Pooled total number of successful carries by B. chinensis workers occurring at 5-minute intervals during treatment nest emigration trials 
(n = 10 colonies). Worker ants organized into groups (GRP ORG) FROM 0-13 min. Adult transport (AT) began at the 12 min and continued 
for 90 min. Queens and brood were transported from 35-55 min. The number of successful transports performed by B. chinensis workers 
decreased during queen and brood movement. Transport activities increased after the queen and brood were moved to the new harborage.
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but prevent workers from producing viable developing eggs. 
The loss of worker egg production ensures that queens are the 
sole producer of life within a colony making her a vital asset 
to the longevity of the colony. Worker ants of B. chinensis 
(Ito and Ohkawara, 1994) and its sister species B. nakasujii 
do not possess ovarioles (Gotoh & Ito, 2008). As a result, 
B. chinensis colonies solely depend on the queen for egg 
production. The presence of queen retinue in B. chinensis 
and absence of ovarioles in B. chinensis worker ants may be 
linked to queen produced pheromones. Brood items and the 
queen were transported during the middle (35-50 min.) of 
the study. Queen movement during this period is consistent 
with Pezon et al. (2005) in which N. obscuricornis queens 
were transported mid-way through emigration presumably to 
optimize their protection.

The number of potential transporters was lower than 
the number of potential transportees suggesting that a small 
proportion of the total workforce is allocated towards adult 
transport. Previous studies show similar results (Langridge 
et al., 2008, Sendova-Franks & Franks, 1995) but studies 
attempting to identify if carrying behavior was relegated 
to a specific group of ants during emigration have been 
inconclusive (Sendova-Franks & Franks, 1995). However, 
physical marking caused workers to devote more time to 
grooming than to colony tasks. Yet, in one marking trial, we 
documented one marked ant carrying thirteen nestmates into 
the new harborage. In view of repeat transports, we anticipate 
that B. chinensis workers are capable of performing multiple 
carries, but additional marking studies are needed to determine 
the worker antcarrying frequency. 

Colony duties may also be associated with a worker 
ant’s age, a phenomenon known as temporal polyethism 
(Robinson et al. 1994, Sendova-Franks and Franks 1993). 
In some studies, younger ants tend to work within the nest 
whereas older ants usually take on tasks outside the nest, such 
as colony defense, foraging, and recruitment. During trials, 
we observed workers transporting dusky-yellow colored, 
callow workers into the nest, but callow workers never 
behaved as transporters. Abraham and Pasteels (1980) reported 
similar behavior in Myrmica rubra (L.). Recognition of this 
phenomenon raises the possibility that temporal polyethism 
also may play a role in task allocation during adult transport 
in B. chinensis.

As B. chinensis continues to increase its geographic 
range (Guénard & Dunn, 2010), thorough documentation of 
colony movements will be more important. The dispersal 
abilities of invasive ant species are affected by dispersal type. 
After establishment, invasive ants may naturally increase 
their range by mating flights (Markin et al., 1971) or increase 
their foraging range through an emigration process known 
as budding (Holway et al., 2002). During budding a portion 
of a colony leaves the original nest to found a new nest a 
few meters away. Brachyponera use adult transport during 
foraging (Guénard & Silverman& 2011) and during nest 

emigrations (current study) so it is possible to suggest that 
ants also use adult transport to increase their range. 

Our studies serve as the first to provide insight into 
the nest emigration recruitment behaviors of B. chinensis 
workers. In this laboratory study, B. chinensis employed 
adult transport during emigration to move colony members to 
new nesting locations, but only a subset of the entire colony 
was relocated in this manner. These results suggest that B. 
chinensis may disperse through budding. However, Zungoli 
and Benson (2008) collected winged males and females in a 
light trapping study, suggesting that mating flights may also 
occur; although, males alates were trapped more frequently 
than females (19:1). Future studies of B. chinensis emigration 
should attempt to address colony propagation and task allocation 
during emigrations. Studies of this nature will help us 
understand dispersal factors contributing to the invasive 
success of B. chinensis in the United States.

Acknowledgements

Funding and support was provided by Pi Chi 
Omega National Pest Control Fraternity. We also thank 
two anonymous reviewers for providing valuable editorial 
assistance. Lastly, we would like to thank members of the 
Zungoli/Benson lab for assistance with fieldwork. 

Supplementary Material
http://periodicos.uefs.br/index.php/sociobiology/rt/suppFiles/1586/0

doi: 10.13102/sociobiology.v64i4.1586.s1853

References

Abraham M, Pasteels JM (1980). Social behavior during nest 
moving in the ant Myrmica rubra. Insectes Sociaux, 27: 127-
147. doi: 10.1007/BF02229249

Beckers R, Goss S, Deneubourg JL, Pasteels JM (1989). 
Colony size, communication and ant foraging strategy. Psyche, 
96: 239-256. doi: 10.1155/1989/94279

Bednar DM, Silverman J (2011). Use of termites, Reticulitermes 
virginicus, as a springboard in the invasive success of a 
predatory ant, Pachycondyla (=Brachyponera) chinensis. Insect 
Sociaux, 58: 459-467. doi: 10.1007/s00040-011-0163-0

Bednar DM, Shik JZ, Silverman J (2013). Prey handling 
performance facilitates competitive dominance of an invasive 
over native keystone ant. Behavioral Ecology, 24: 1312-1319. 
doi: 10.1093/beheco/art069

Bertelsmeier C, Guénard B, Courchamp F (2013) Climate 
change may boost the invasion of the Asian needle ant. PLOS 
ONE, 8(10):e75438. doi:10.1371/journal.pone.0075438

Cho YS, Lee YM, Lee CK, Yoo B, Park HS, Moon HB 
(2002). Prevalence of Pachycondyla chinensis venom allergy 
in an ant-infested area in Korea. Journal of Allergy Clinical 

http://dx.doi.org/10.1155/1989/94279


Sociobiology 64(4): 430-436 (December, 2017) 435

Immunology, 110: 54-57. doi: 10.1067/mai.2002.124890

Fowler HG (1981). On the emigration of leaf-cutting ant 
colonies. Biotropica, 13: 316. doi: 10.2307/2387811

Gotoh A, Ito F (2008). Seasonal cycle of colony structure in 
the Ponerine ant Pachycondyla chinensis in western Japan 
(Hymenoptera; Formicidae). Insectes Sociaux, 55: 98-104. 
doi: 10.1007/s00040-007-0977-y

Guénard B, Dunn R (2010). A new (old) invasive ant in the 
hardwood forests of eastern North America and its potentially 
widespread impacts. PLOS ONE, 5: e11614. doi:10.1371/
journalpone.0011614

Guénard B, Silverman J (2011). Tandem carrying, a new 
foraging strategy in ants: description function, and adaptive 
significance relative to other described foraging strategies. 
Naturwissenschaften, 98: 651-659. doi: 10.1007/s00114-011 
0814-z

Haskins CP, Haskins EF (1950). Notes on the biology and 
social behavior of the archaic ponerine ants of the genera 
Myrmecia and Promyrmecia. Annals of the Entomological 
Society of America, 43: 461-491.

Hölldobler B, Wilson EO (1983). The evolution of communal 
nest-weaving in ants: Steps that may have led to a complicated 
form of cooperation in weaver ants can be inferred from less 
advanced behavior in other species. American Scientist, 71: 
490-499.

Hölldobler B, Wilson EO (1990). The Ants. Cambridge: 
Harvard University Press, 732 p

Hölldobler B, Engel H, Taylor RW (1982). A new sternal 
gland in ants and its function in chemical communication. 
Naturwissenschaften, 69: 90-91. doi: 10.1007/BF00441231

Holway DA, Lach L, Suarez AV, Tsutsui ND, Case TJ (2002). 
The Causes and Consequences of Ant Invasions. Annual 
Review of Ecology and Systematics, 33: 181-233. doi: 10.11 
46/annurev.ecolsys.33.010802.150444 

Ito F, Ohkawara K (1994). Spermatheca size differentiation 
between queens and workers in primitive ants. Naturwissenschaften, 
81: 138-140. doi: 10.1007/BF01131772

Jessen K, Maschwitz U (1986). Orientation and recruitment 
behavior in the ponerine ant Pachycondyla tesserinoda (Emery): 
laying of individual specific trails during tandem running. 
Behavioral Ecology and Sociobiology, 19: 151-155. 

Langridge E, Sendova-Franks A, Franks N (2008). The behavior 
of ant transporters at the old and new nests during successive 
colony emigrations. Behavioral Ecology and Sociobiology, 
62: 1851-1861. doi: 10.1007/s00265-008-0614-4

Lee EK, Jeong KY, Lyu DP, Lee YW, Sohn JH, Kim KJ, 
Hong CS, Park JW (2009). Characterization of the major 
allergens of Pachycondyla chinensis in ant sting anaphylaxis 
patients. Clinical and Experimental Allergy, 39: 602-607. doi: 

10.1111/j.1365-2222.2008.03181.x

Markin GP, Dillier JH, Hills SO, Blum MS, Hermann HR 
(1971). Nuptial flight and flight ranges of the imported fire ant 
Solenopsis saevisima (Hymenoptera: Formicidae). Journal of 
the Georgia Entomological Society, 6: 145-156. 

Maschwitz U, Jessen K, Knecht (1986). Tandem recruitment 
and trail laying in the ponerine ant Diacamma rugosum: 
signal analysis. Ethology, 7: 30-41.

Möglich M (1978). Social organization of nest emigration in 
Leptothorax (Hym., Form.). Insectes Sociaux, 25: 205-225. 
doi: 10.1007/BF02224742

Möglich, M, Hölldobler B (1974). Social carrying behavior 
and division of labor during nest moving in ants. Psyche, 81: 
219-236. doi: 10.1155/1974/25763

Nelder MP, Paysen ES, Zungoli PA, Benson EP (2006). 
Emergence of the introduced ant Pachycondyla chinensis 
(Formicidae: Ponerinae) as a public health threat in the southeastern 
United States. Journal of Medical Entomology, 43: 1094-1098. 
doi: 10.1603/0022- 2585(2006)43[1094:EOTIAP]2.0.CO;2

Pezon, A,  Denis D, Cerdan P, Valenzula J, Fresneau D 
(2005). Queen movement during colony emigration in the 
facultatively polygynous ant, Pachycondyla obscuricornis. 
Naturwissenschaften, 92: 35-39. doi:10.1007/s00114-004-0583-z

Planque R, Van Den Berg JB, Franks NR (2010). Recruitment 
strategies and colony size in ants. PLOS ONE, 5: e11664.
doi:10.1371/journal.one.0011664 

Pratt SC (2005). Behavioral mechanisms of collective nest 
site choice by the ant Temnothorax curvspinosus. Insectes 
Sociaux, 52: 383-392. doi: 10.1007/s00040-005-0823-z

Pratt, SC,Mallon EB, Sumpter DJT, Franks NR (2002). 
Quorum sensing, recruitment, and collective decision-making 
during colony emigration by the ant Leptothorax albipennis. 
Behavioral Ecology and Sociobiology, 52:117-127. doi: 10.1007/
s00265-002-0487-x

Robinson GE, Page RE, Huang ZY (1994). Temporal 
polyethism in social insects is a developmental process. 
Animal Behaviour, 48: 467-469. doi: 10.1006/anbe.1994.1260

Sendova-Franks AB, Franks NR (1993). Task allocation in ant 
colonies within variable environments: A study of temporal 
polyethism experimental. Bulletin of Mathematical Biology,  
55: 75-96. doi: 10.1007/BF02460295

Sendova-Franks AB, Franks NR (1995). Spatial relationships 
within nests of the ant Leptothorax unifasciatus (Latr.) and their 
implications for the division of labour. Animal Behaviour, 50: 
121-136. doi: 10.1006/anbe.1995.0226

Spicer-Rice E, Silverman J (2013). Propagule pressure and 
climate contribute to the displacement of Linepithema humile 
by Pachycondyla chinensis. PLOS ONE, 8: e56281. doi: 10. 
1371/journal.pone.0056281

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=2cRZFnoAAAAJ&citation_for_view=2cRZFnoAAAAJ:d1gkVwhDpl0C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=2cRZFnoAAAAJ&citation_for_view=2cRZFnoAAAAJ:d1gkVwhDpl0C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=2cRZFnoAAAAJ&citation_for_view=2cRZFnoAAAAJ:d1gkVwhDpl0C


HR Allen et al. – Asian Needle Ant Nest Emigration436

Takimoto, T. (1988). Carrying behavior for the recruitment of 
workers in Brachyponera chinensis. Ari, 16: 21-22.

Tay JW, Lee CY (2015). Induced disturbances cause Monomorium 
pharaonis (Hymenoptera: Formicidae) nest relocation. Journal of 
Economic Entomology, 108: 1237-1242. doi: 10.1093/jee/tov079

Traniello JF, Hölldobler B (1984). Chemical communication 
during tandem running in Pachycondyla obscuricornis 
(Hymenoptera: Formicidae). Journal of Chemical Ecology, 
10: 783-794. doi: 10.1007/BF00988543

Zungoli PA, Benson EP (2008). Seasonal occurrence of 
swarming activity and worker abundance of Pachycondyla 
chinensis. Proc 6th Internat Conf Urban Pests 51-57.


