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LIST OF DEFINITIONS 

Blockage Occlusion of the tunnel. Most often occurs when a termite dies 
and substrate is moved to cover the body of the deceased. 

Choke point A restriction found in Reticulitermes flavipes tunnels that may 
be occluded by substrate. Does not occur from a burial of a 
deceased termite. 

Foraging population A group of termites collected from the same colony, consisting 
of workers and soldiers, with the exclusion of reproductives. 

Marbling Believed to be caused by the build-up of uric acid in the fat 
body of unhealthy, stressed termites. The body of the termite is 
observed as more opaque, which contrasts strongly with dark 
gut contents forming a crescent shape in the abdomen. 

New tunnel A new passage created around or in avoidance of a blockage. 

Suicide cramming Upon an aggressive interception between two colonies, multiple 
termites crowd together, wedging themselves within the tunnel, 
completely blocking the passage and killing themselves in the 
process. 

Unblock Tunnel obstruction is removed. 
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Coptotermes formosanus Shiraki and Reticulitermes flavipes Kollar are 

sympatrically occurring and economically important subterranean termites in the 

Southeastern United States. Blocking of tunnels, unblocking of tunnels, and new tunnel 

construction was observed in intra and inter species experiments. Intraspecies 

experiments in two-dimensional arenas in which one population of C. formosanus was 

baited resulted in elimination of baited termites and subsequent reinvasion of territory. 

Territories held by unbaited termites increased significantly, nearly doubling after 

reinvasion. Intraspecies controls did not have a significant change in territory areas. In 

interspecies experiments, R. flavipes, retreated and blocked tunnels at choke points as 

C. formosanus advanced. R. flavipes reinvaded baited C. formosanus territory in one 

repetition. Reinvading termites of both species were eliminated by bait. 
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CHAPTER 1 
THESIS INTRODUCTION 

Economic Impact 

Termites (Isoptera) are important structural pests, it was estimated that in the 

United States, termite control alone cost about $1.5 billion in 1994 {Su, 2000 #45}, and 

an estimated $40 billion is spent annually on termite control and repairs globally (Rust 

and Su 2012). About 80% of this cost is due to subterranean termites (Su 1994, Su and 

Scheffrahn 2000, Rust and Su 2012) such as Coptotermes formosanus Shiraki in the 

Southeastern part of the United States and Hawaii, and Reticulitermes flavipes Kollar 

which is found throughout the continental United States (Su and Tamashiro 1987, Su 

and Scheffrahn 1990). These species are highly destructive and are often found 

infesting wooden structures. In areas of high termite pressure, such as New Orleans, 

structural repairs may cost more than five times the cost of preventative measures and 

control (Su and Scheffrahn 2000).  

Termite Management 

History 

Control of subterranean termites once depended on liquid termiticide barriers (Su 

and Scheffrahn 1990, Su 1991); from the early 1900s, chemical barriers have been 

used in pre-construction of buildings to protect them from future infestations (Randall 

and Doody 1934). Between the 1950s and 1980s, cyclodienes were used extensively 

because they were relatively inexpensive, effective, and persisted in the environment. 

These chemicals were withdrawn in the mid-1980s because of environmental 

persistence and concerns about bioaccumulation in the environment (Su and 

Scheffrahn 1990, 1998). Currently, the leading liquid termiticide treatments use fipronil 
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or imidacloprid as active ingredients, although concerns over whether or not these 

methods are able to effectively control entire termite colonies have been raised (Su 

2005). Termites killed by liquid termiticides often cause other colony members to avoid 

a treated area, this is called secondary repellency. This is not a desirable effect in 

baiting strategies since termites must come into contact with and share toxicants with 

the rest of the colony. 

Baiting 

The growing concern over pesticides in our environment has led to innovations in 

termite control; a bait containing insect growth regulators can safely be used in 

situations in which liquid termiticides cannot (Cabrera and Thoms 2006). It has been  

established that the use of a baiting system is effective in suppressing and eliminating 

field colonies of subterranean termites (Su et al. 1991b, Su 1994, Su et al. 1998, Getty 

et al. 2000, Grace and Su 2001). The active ingredient in an effective baiting strategy 

must be slow acting, non-repellent, and lethal time has to be dose independent (Jones 

1984, Su et al. 1985, Haverty et al. 1989, Su and Scheffrahn 1989, 1998). These 

properties allow for the spread of active ingredient throughout the colony by trophallaxis, 

or regurgitation of food and bait material. Insect growth regulators such as chitin 

synthesis inhibitors (CSIs) are currently used in commercial baits, and have been 

documented to eliminate subterranean termite colonies on many occasions (Su 1994, 

Su et al. 1998, Getty et al. 2000, Grace and Su 2001, Messenger et al. 2005). 

Noviflumuron is one of the current CSIs being used in baiting systems; the toxicant has 

exhibited a greater speed of action and efficacy than its predecessor, hexaflumuron 

(Karr et al. 2004, Rust and Su 2012).  
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Territory 

Reinvasion 

One concern of baiting technology is the possibility that previously treated areas 

will become reinfested by nearby colonies of subterranean termites (Grace et al. 1996, 

Getty et al. 2000, Vargo 2003, Messenger et al. 2005). In the field, elimination of a 

C. formosanus colony and subsequent occupation of former territory by another 

subterranean termite colony has been documented (Grace and Su 2001, Messenger et 

al. 2005). Questions have been raised about the speed of reinvasion of territories. 

Subterranean termites can reclaim an area rapidly in regions of high termite density 

(Messenger et al. 2005, Mullins et al. 2011). Due to the cryptic nature of subterranean 

termites, it is difficult to observe this behavior in the field. Indirect means of monitoring, 

such as mark-recapture studies, have found termites from a nearby marked colony 

appear in monitoring stations that were previously inactive after the elimination of a 

colony (Getty et al. 2000, Messenger et al. 2005). Older colonies may grow to include 

territory once its neighboring colony is eliminated, or smaller colonies may take the 

opportunity to grow and claim newly available territory. Reticulitermes sp. have also 

been found inhabiting monitoring stations which were once populated by C. formosanus 

(Messenger et al. 2005). Knowledge of how a colony responds to a baited or eliminated 

neighboring colony would provide insight on how best to manage areas of known 

termite infestation. 

Agonism 

Laboratory observation. Laboratory studies on agonistic behavior and inter- 

and intracolonial aggression have shown varying results. Studies dealing with agonism 

between different populations of C. formosanus have been previously observed using 
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petri dish bioassays (Su and Haverty 1991, Cornelius and Osbrink 2003) but these 

conditions are unnatural and do not simulate termite tunnel structures. More recent 

studies have been conducted with the use of planar arenas (Li et al. 2010, Chouvenc et 

al. 2011) which are more similar to field conditions than petri dish bioassays, while still 

allowing observation of termites.  

Interspecies agonism. In laboratory foraging arenas, different species of 

subterranean termites separated themselves by building barriers (Li et al. 2010) and in 

some cases blocked tunnels with their bodies. It has been suggested that intercolonial 

aggression may be a mode of determining foraging territories amongst neighboring 

colonies (Levings and Adams 1984, Jones 1993, Messenger and Su 2005b, Li et al. 

2010).  

Intraspecies agonism. Some colonies of the same species may mix and 

subsequently cohabitate in the same territory (Su and Haverty 1991, Messenger and Su 

2005b). Florida colonies of C. formosanus were found to have no agonistic response 

with each other, most likely due to the low genetic diversity of the introduced population 

(Su and Haverty 1991). In Florida, colony fusion has been documented in 

C. formosanus (Su and Scheffrahn 1988a) and colonies have been found sharing the 

same tunnels and  monitoring stations. Preliminary laboratory experiments confirmed 

that foraging populations of C. formosanus from Florida mixed and fused with no 

instances of aggression observed between workers and soldiers (Figure 1-1, Object 1-

1), which supports the field result found in Broward County, Florida by Su and 

Scheffrahn (1988b). 
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 In contrast, colony mixing has not been observed in New Orleans colonies 

(Husseneder et al. 2003, Messenger and Su 2005b). This is because C. formosanus 

colonies in New Orleans most likely arose from multiple introductions to the port city. 

These colonies exhibit a scenario in which there is high termite pressure, and one 

colony may quickly reinvade to take an eliminated colony’s place. This makes the area, 

and areas like it, difficult to manage. Preliminary experiments found that New Orleans 

populations of C. formosanus had mutually agonistic responses (Figure 1-2, 1-3, Object 

1-2) in which fighting and boundaries between populations were created, which may 

resemble the natural condition of neighboring field colonies (Li et al. 2010). For this 

reason, New Orleans populations of C. formosanus were chosen for intraspecies 

experiments. 

Necrophobic Behavior 

It has been noted that termites may avoid and retreat from tunnels in which 

aggressive encounters have occurred (Messenger and Su 2005b). This is thought to be 

because of dead and or decaying termite bodies left in the tunnels (Messenger and Su 

2005b, Su 2005, Li et al. 2010). It has been suggested that decaying cadavers may 

have an impact on termite tunneling behavior and they may be a site of substrate 

deposition (Su et al. 1982, Li et al. 2010). Avoidance may be caused by a colony odor, 

such as from the chemical oleic acid, that will eventually dissipate after the colony is 

eliminated (Messenger and Su 2005b). More insight into avoidance behavior associated 

with decaying cadavers may be useful in this regard (Li et al. 2010). Despite this 

avoidance behavior, termites have been observed removing blockages from tunnels, as 

well as creating new tunnels, bypassing blockages (Li et al. 2010). 
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Objectives 

To study the behavioral responses of C. formosanus and R. flavipes to 

neighboring baited C. formosanus colonies. 

 
 
Figure 1-1. Florida populations of Coptotermes formosanus mixing. No agonism 

occurred. 

  
 
Figure 1-2. Mutual agonism between Coptotermes formosanus termites. Workers and 

soldiers are both aggressive, biting at unrelated individuals. 

 
 
Figure 1-3. Suicide cramming. Two C. formosanus foraging populations encounter, 

results in death and blockage of tunnel. 
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Object 1-1. Two Florida C. formosanus colonies encounter (.mp4 file 180MB) 

Object 1-2. Two New Orleans C. formosanus colonies encounter (.mp4 7MB)  

  

http://ufdc.ufl.edu/IR00005455/00001
http://ufdcimages.uflib.ufl.edu/IR/00/00/54/81/00001/NOLAvNOLAIntervalsPackingCap.mp4
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CHAPTER 2 
INTRASPECIES INTERACTIONS 

Introduction  

The use of a slow acting toxicant in the field is important for reduction of the 

colony population (Su and Scheffrahn 1993, Su 1994, Su et al. 1998). According to Su 

(2005), laboratory populations of termites began to die two weeks after feeding on 0.5% 

noviflumuron bait (Recruit HD, Dow AgroSciences) and were eliminated by week seven. 

It was documented that termites of neighboring colonies may begin appearing in 

territories of treated colonies before they were completely eliminated, suggesting that 

these colonies may take advantage of the treated colony’s weakened state (Messenger 

et al. 2005).  

In the following experiment, I hypothesized that termites would 1) invade a 

neighboring territory immediately upon encountering the weakened termites, 2) they 

would not invade a panel with accumulated dead due to decaying termite cadavers, 

3) new tunnels would be created more than unblockages 4) and territories of untreated 

control populations would not change.  

In this chapter we explored the effects of baiting with noviflumuron on 

neighboring unrelated foraging populations of the same species. We observed the 

decline of termite health, intraspecies agonism, the fate of blockages in tunnels, shifts in 

territory, and reinvasion of an eliminated foraging population’s territory by neighboring 

populations. 
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Materials and Methods 

Termites 

New Orleans C. formosanus were used in this bioassay after observations from 

the preliminary study resulted in mutual agonism without full elimination of either 

foraging population. 

Coptotermes formosanus individuals were collected from New Orleans, LA 

laboratory colonies maintained as described by Su (2013). Colonies were lab-reared 

from swarm captured reproductives, and were at least 5 years old. Termites from 

different colonies were extracted as needed by use of a moistened roll of corrugated 

cardboard placed inside the enclosure (La Fage et al. 1983). Foraging populations were 

marked with 0.1% Nile Blue A solution (Fisher Scientific, Pittsburgh, PA) (wt:wt), so that 

different colonies could be easily identified. Groups of about 300 termites were placed in 

glass petri dishes with 90mm filter paper rounds (Whatman, UK) moistened with DI 

water or Nile Blue solution for 5 days prior to the start of the experiment to allow the dye 

to be stored in the fat body (Su et al. 1991a, 1993, Su and Scheffrahn 1996). 

Planar Foraging Arena Bioassay  

Planar arenas similar to those described by Li et al. (2010) and Chouvenc et al. 

(2011) were used for this experiment (Figure 2-1). Arenas were constructed out of 2 

sheets of clear acrylic (60 x 60 x 0.6 cm thickness) with laminate strips of 5cm width and 

0.15 cm thickness placed around the margins between the two pieces to form a frame. 

Screws held the two pieces of clear acrylic sheets on either side of the laminate strips to 

form a livable area of 100 square cm with a thickness of 0.15 cm (Li et al. 2010). 1-cm-

diameter holes were drilled into the top acrylic panel in each of the four corners of the 

arena to allow for attachments of a chamber (8.5 cm height, 6.5 cm diameter) which 
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was the site of introduction, and connection ports. Four 1-cm-diameter holes were 

drilled in the center of the arena to accommodate for the attachment of a second 

chamber, which allows access to either a food or bait source. The center chamber had 

a 2.5 cm by 2.5 cm square sponge (Ocello, 3M, St. Paul, MN) attached to the chamber 

cover by way of a nail and hot glue. The sponge was moistened with 10 ml DI water, 

which was sufficient to maintain humidity throughout the length of the experiment. A 2.5-

cm-diameter sheet of clear acrylic was secured between the two panels in the center of 

the arena to maintain equal spacing, and did not obscure the holes allowing access to 

the chamber. Connection ports were made of clear acrylic, cut to the desired shape with 

a band saw. Three connection ports were secured to the remaining corners of the arena 

setup with washers and hex nuts. Sifted (35-100 mm sieves) multipurpose sand 

(Sakrete, Charlotte, NC) was washed with deionized water (DI), sterilized by oven at 

100 ºC for at least 48 hours, and cooled to room temperature before use. Sand was 

funneled into the void between the two acrylic panels. Sand was moistened with DI 

water by way of the access holes in the center of the arena. Two of the panels 

described were set side by side and comprised one bioassay. Stoppers were placed at 

the ends of the connection ports, provisioned with a piece of wood, to encourage 

termites to leave the connections open until connected. Introduction and food chambers 

were provisioned with cut spruce wood sticks (6 cm x 1 cm) which had been soaked in 

DI water for at least 24 hours. Chambers designated for baiting had their wood replaced 

with a 2 cm cubed block of 0.5% noviflumuron bait once the termites encountered the 

chamber (Figure 2-1). 
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Figure 2-1. Two panel bioassay design. Arenas made from clear acrylic sheets and 
laminate strips. Total foraging area of each panel 100 cm2 filled with sterile 
sand. Each panel had one introduction chamber at one corner, and one 
feeding chamber in the center of the arena. 

Procedure 

Dyed and undyed C. formosanus foraging populations were added to separate 

panels described in the two-dimensional foraging bioassay section. Four pairs of control 

panels and four pairs of panels in which one panel was baited, for a total of 16 arenas, 

were used for this experiment. One thousand termites consisting of 900 workers and 

100 soldiers (Haverty 1979) were added to each panel, and were allowed to tunnel 

throughout their panel of introduction until they reached the central feeding chamber, 

which contained wooden sticks, and corner connection ports. Controls were then 

connected by connection ports with 50 cm lengths of 4 mm ID x 6 mm OD Tygon® 

tubing (Saint-Gobain Performance Plastics, Northboro, MA) with 2.5 cm lengths of 6 

mm ID x 9 mm OD clear vinyl tubing (Watts, North Andover, MA), about six days after 

their introduction. Baited panels had their wood replaced with bait after termites 
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encountered the feeding chamber about six days after introduction. Termites in baited 

panels were monitored for symptoms of intoxication, which may include ataxia and 

sluggishness (Karr et al. 2004), death, and marbling. Daily counts of observed dead and 

marbled individuals were recorded. Marbling was defined by an opaque white body with 

a visible dark contrast of the gut (Fig 2-4). Panels with bait were connected when 

roughly 25% cumulative population mortality and a large spike in deaths had been 

observed, on average 33 days after introduction.  

Data Collection 

Control and treatment groups were replicated four times to determine total 

cumulative dead observed, cumulative marbled termites dead, blockages, unblockages, 

new tunnels, and territory areas. Panels to determine total dead and marbled dead 

termites of the reinvading foraging population were replicated three times. Panels were 

checked twice a day for dead worker termites, marbled dead worker termites, 

blockages, unblockages, and new tunnels. Dead worker termites were counted by 

marking on top of the clear acrylic sheet with a permanent marker by circling cadavers 

to ensure they would not be counted more than once. Blockages, unblockages, and 

new tunnels were also noted on top of the acrylic panel along with the date on which 

they were observed. Data were taken for 50 days in control and treatment panels. 

Reinvading termites continued to be observed for deaths for an additional 20 days after 

the elimination of baited termites.  

To estimate territory areas occupied, back-lit photos of panels were taken the 

day of connection and a month after connection. Photos were taken with a Samsung 

Galaxy 4s (Samsung, Ridgefield Park, NJ). 
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Data Analysis 

Variables. Number of dead worker termites and marbled dead worker termites, 

blockages, unblockages, and new tunnels observed per day were recorded and a 

cumulative count was obtained over the course of 50 days. Cumulative counts over time 

were averaged for replicates and graphed. The cumulative number of dead termites 

observed before panel connection and the cumulative number of dead termites 

observed at the end of the experiment were analyzed using a T-test with a significance 

level of 0.05 (Microsoft Excel 2013, Microsoft Corp., Redmond, WA). Panels were either 

treated singly (per panel, baited or unbaited) and compared or taken together as a pair 

of panels (control and treatment) during analysis. 

Territory area. Territory areas were obtained by analyzing panel photos with 

GNU Image Manipulation Program (GIMP 2.8.14) software to estimate tunnel area 

before and one month after panels were connected. Territory was considered occupied 

if termites were found alive within a tunnel and tunnels connected to it without 

blockages present. The difference in territory areas were analyzed by a T-test with a 

significance level of 0.05.  

Results 

Decline of Termite Health 

Dead observed. The number of dead termites in baited panels increased over 

time compared to either control panels or unbaited panels (Figure 2-2). On average, the 

first dead from baiting were observed around nine days after termites were found in the 

baiting chamber (Table 2-1). Termite deaths reached their peak around day 18. 

Termites died until few were observed in tunnels and most remaining live termites were 

in the introduction chamber or the bait chamber, around day 26. At this time, panels 
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were connected and neighboring unbaited termites invaded the moribund termites’ 

panel (Table 2-1). 

There was no significant difference in the number of dead observed in control 

panels (Table 2-2). Significantly more baited termites were observed dead in baited 

treatment panels as compared to unbaited treatment panels (Table 2-3). Significantly 

more termites were observed dead in treatment panels as compared to control panels 

(Table 2-4). 

Marbling. The bodies of termites transformed from shiny and near translucent to 

opaque white, with a clearly contrasting darkened gut, causing a marbling effect (Figure 

2-3). Marbled workers only appeared in baited colonies, on average, 21.5 days after 

baiting (Table 2-1). Observation of marbled individuals increased until all remaining 

termites observed were marbled, on average 35 days after baiting (Table 2-1). These 

marbled individuals persisted for a number of days before they were eliminated by a 

neighboring foraging population. Marbled individuals did not appear in control groups or 

in unbaited groups (Figure 2-4).  

Abandoning main chamber. A large chamber or enlarged tunnel was found in 

C. formosanus galleries in all repetitions. Termites were observed dying in this large 

primary chamber, most likely when attempting to molt. When termites began to become 

affected by bait, group members cannibalized dying and or dead termites found in and 

around this chamber. Termites then buried dead individuals in this chamber. Lastly, a 

large spike in deaths occurred before termites abandoned the chamber without further 

burial of dead, and then termites relocated to another area of the panel. New chambers 
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were sometimes observed being created by enlarging a tunnel after abandoning the first 

chamber (Figure 2-5). 

Repair and defense. Baited populations often did not block corners of arenas 

after an invasion attempt was made by a neighboring foraging group. Healthy 

populations completely filled the corner connector and the surrounding area with sand 

when an invasion attempt was made (Figure 2-6).  

 

Table 2-1.  Phases of Decline in Intraspecies Baited Treatment Panels 
 Number of Days 

First Dead Observed   9.00 ± 0.91 

Death Spike 18.25 ± 2.29 

First Marbled Observed 21.50 ± 1.94 

Number of Deaths Slow 26.00 ± 3.19 

All Remaining Marbled 34.75 ± 1.44 

First Marbled Dead 34.75 ± 2.02 

Baited Eliminated 43.00 ± 1.58 

 
 
Table 2-2.  Percent Cumulative Dead Observed in Intraspecies Control Panels 

n = 4 Control 1 Control 2 T P Sig. 

At connection 0.00 ± 0.00 0.00 ± 0.00     -    - - 

End 3.31 ± 0.89 3.63 ± 1.76 -0.34 0.377 ns 

 
Table 2-3.  Percent Cumulative Dead Observed in Intraspecies Treatment Panels 

n = 4 Unbaited C.f. Baited C.f. T P Sig. 

At Connection   0.08 ± 0.03 33.50 ± 5.85 5.70 0.005 s 

End   2.57 ± 0.57 44.76 ± 4.64 8.46 0.002 s 

 
Table 2-4.  Percent Cumulative Dead Observed in Intraspecies Paired Panels 

 Control Treatment T P Sig. 

At Connection   0.00 ± 0.00 33.58 ± 5.84 -5.75 0.005 s 

End   6.94 ± 2.62 47.32 ± 4.34 -7.68 0.002 s 
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Figure 2-2. Observed dead over time in intraspecies panels. Few dead were observed 

in control and unbaited panels, the number of dead oberved in baited 
treatment panels increased over time. 

A  B 
 
Figure 2-3. Marbling. A) Healthy, unaffected termites. B) Affected termites with opaque 

white bodies and darker gut that starkly contrasts, producing a “marbled” 
appearance. 
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Figure 2-4. Intraspecies observed marbled dead over time. Dead marbled Coptotermes 

formosanus were observed in baited treatment panels. Marbled did not 
appear at all in control or unbaited panels. 

A B 
 
Figure 2-5. Coptotermes formosanus abandon main chamber. A) Chamber with active 

termites at left. B) Termites bury dead in main chamber, leave and enlarge 
tunnel for new chamber (asterisk). 



 

30 

A B 
 
Figure 2-6. Corner Blocking. A) The corner of a control Coptotermes formosanus panel 

before an invasion attempt by neighboring foraging group was made. B) After 
invasion attempt, a healthy population filled this corner with sand. 

Intraspecies Agonism 

Foraging populations responded aggressively towards each other, with soldiers 

and workers biting at unrelated individuals (Figure 1-2). Upon an aggressive 

interception between two populations, many termites crowded together, wedged 

themselves within the tunnel, and completely blocked the passage which killed them in 

the process (Figure 1-3). This has been previously observed as an extreme form of 

agonism termed “suicide cramming” (Messenger and Su 2005b, Li et al. 2010). This 

behavior led to a large deposition of substrate creating a blockage of the tunnel. 

Foraging populations were observed making invasion attempts and neither group 

retreated upon the encounter. Dead termites became the site of substrate deposition, 

which led to a cordoning off of the area (Figure 2-7). 

Foraging populations were observed reinvading tunnels in neighboring panels. 

Groups unblocked a tunnel by removing the substrate from the area of a blockage 

(Figure 2-8). Invading groups were observed pushing dead termites and substrate 

against the walls of tunnels when they reinvaded a panel and encountered unburied 
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dead (Figure 2-9). Invaders buried cadavers left in the panel, but often these burials did 

not lead to blockages, maintaining the usability of the tunnel. Excavation of new tunnels 

were observed (Figure 2-10, 2-11). 

A  B 
 
Figure 2-7. Burials leading to blockages. A) Tunnels before invasion of the panel. B) 

After invasion, dead were buried (asterisks), leading to a blockage in the 
tunnel. 

A  B 
 
Figure 2-8. Blocking and unblocking. A) Tunnel blocked as a result of agonism between 

two Coptotermes formosanus foraging populations. B) Unblocking of tunnel 
by C. formosanus (asterisks). 
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A B 
 
Figure 2-9. Burial of dead by Coptotermes formosanus. A) Dead left by invading 

foraging population. B) Invading group buried dead with substrate but left the 
tunnel usable. Invading termites did not consume unrelated dead. 

A B 
 
Figure 2-10. New tunnels formed to bypass blockages in unbaited Coptotermes 

formosanus panel. A) Blocked tunnel passage. B) New tunnel (asterisk) to 
bypass blockage. 

A B 
 
Figure 2-11. New tunnels formed to bypass blockages in baited Coptotermes 

formosanus panel. A) Blockages formed around dead from baiting. B) New 
tunnel (asterisk) created bypass blockages (blue) in baited panel. 
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Blockages, Unblockages, and New Tunnels 

Controls. There were no significant differences in variables between control 

panel 1 and control panel 2 (Table 2-5). 

Blockages, unblocking of tunnels, and new tunnel creation increased over time 

after panels were connected (Figure 2-12). Healthy populations encountered each 

other, a fight occurred, and then a blockage at the site of encounter was formed. 

Healthy termites did this multiple times until blockages formed a boundary between the 

populations at the corner or in the tubing that connected panels.  

Baited panels. As compared with unbaited panels, the number of blockages and 

unblockages were significantly higher in baited panels. There was no significant 

difference in new tunnel creation between unbaited or baited panels (Table 2-6).  

Blockages started appearing before panels were connected and continued to 

increase after panels were connected. Unblockages were observed after panels were 

connected (Figure 2-13). In baited panels, termites were observed burying their dead 

and caused blockages in their own panel before panels were connected. Blockages 

increased after connection, due to invasion by neighboring termites. After panel 

connection, unblockages were observed by invading termites in the baited termites’ 

former galleries. 

Control vs. treatment panels. As compared with control panels, treatment 

panels had significantly more blockages and unblockages. The number of new tunnels 

created was not significantly different between the control and treatment (Table 2-7). 
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Table 2-5.  Average Intraspecies Blocks, Unblocks, New Tunnels per Control Panel 
n = 4 Control 1 Control 2 T P Sig. 

Blocks  1.50 ± 0.50   7.00 ± 3.54 -1.39 0.130 ns 

Unblocks  0.25 ± 0.29   1.75 ± 1.18  1.13 0.170 ns 

New Tunnels  0.25 ± 0.29   0.50 ± 0.29 -1.00 0.195 ns 

 
Table 2-6.  Average Intraspecies Blocks, Unblocks, New Tunnels per Treatment Panel 

n = 4 Unbaited C.f. Baited C.f. T P Sig. 

Blocks   5.50 ± 3.66 21.00 ± 3.56 2.44 0.046 s 

Unblocks   1.75 ± 1.04 10.75 ± 2.50 3.22 0.024 s 

New Tunnels   0.00 ± 0.00   1.75 ± 1.04 1.70 0.094 ns 

 
Table 2-7.  Average Intraspecies Blocks, Unblocks, New Tunnels for Paired Panels 

 Control Treatment T P Sig. 

Blocks 8.75 ± 3.33 26.50 ± 4.77 2.71 0.037 s 

Unblocks 2.00 ± 1.08 12.50  ± 2.53 4.04 0.014 s 

New Tunnels 1.00 ± 0.58   1.75 ± 1.03 0.68 0.274 ns 

 
 

 
 
Figure 2-12. Intraspecies blockages, unblockages, and new tunnels over time in control 

panels. 

 

Panels 
connected 



 

35 

 
 
Figure 2-13. Intraspecies blockages, unblockages, and new tunnels over time in 

treatment panels. 

Territory Shift 

There was not a significant difference between tunnel areas occupied before and 

after foraging populations encountered each other in control intraspecies panels (Table 

2-8).  

A significant difference was found between tunnel areas occupied by the 

unbaited foraging population before and after they encountered a neighboring baited 

group. The area of the territory roughly doubled in size when a healthy group 

encountered the neighboring group in decline (Table 2-8).  

Conversely, the baited foraging population’s territory was reduced to zero, which 

was significantly different from the beginning territory area (Table 2-8). Baited foraging 

populations were eliminated within the first week of panel connection, though reinvasion 

did not always occur by the neighboring foraging population immediately. But by one 

 

Panels 
connected 
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month after connection, all baited foraging population territories were reinvaded by 

neighboring termites. Invasion was initiated by both healthy, unbaited termites as well 

as unhealthy, baited termites, although unhealthy termites were unsuccessful at 

invasion. 

Table 2-8.  Average Intraspecies Territory Areas Before and After Panel Connection 
Area (cm²) n Before After T P Sig. 

Control 1 4 374.33 ± 42.56   317.82 ±   29.80  1.394 0.129 ns 

Control 2 4 386.70 ± 40.60   465.48 ±   20.44 -1.473 0.119 ns 

Unbaited C.f. 4 547.44 ± 52.61   998.80 ± 110.76 -7.350 0.003 s 

Baited C.f. 4 466.98 ± 53.85       0.00 ±     0.00  8.671 0.002 s 

Mean Area (cm²) ± SE 

 

Death of Reinvaders 

Secondary kill. It took about 43 days on average from termite baiting to 

elimination of the foraging population. Live termites were no longer observed, or an 

invading foraging population killed the remaining termites. As termites reinvaded the 

area, they unblocked tunnels, and continued to use old gallery passages. Passages 

leading to bait were found by the invading termites, and feeding on bait ensued. 

Live termites were no longer observed in the invading population 94 days after 

the beginning of the experiment on average, which was 51 days after they begun to 

feed on bait in the eliminated colonies’ panels (Figure 2-14). Dead marbled reinvading 

termites were observed starting at day 80, which was 37 days after invaders begun 

feeding on bait (Figure 2-15).  
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Figure 2-14. Dead observed over time in reinvading C. formosanus foraging population 

after feeding on bait. Three baited foraging populations had been reinvaded 
by neighboring C. formosanus, dead of reinvading termites over time was 
observed.  

 
 
Figure 2-15. Observed dead marbled reinvading C. formosanus over time. Marbling was 

observed in reinvading termites.  
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Additional Observations 

Fungi. Black colored fungi begun to grow on older bait towards the end of 

experiments. Molding bait has been observed in the field, and there is no detriment 

currently associated with this occurrence. Molding bait was examined and samples 

were taken for plating (Figure 2-16). 

 
 
Figure 2-16. Fungi growing on bait. 

Discussion 

Termite health. In the current study, foraging populations of baited 

C. formosanus congregated and died in an enlarged chamber within their galleries, 

which is similar to a finding in extended foraging experiments where baited termites died 

in panels which had higher termite density (G. Kakkar, personal communication). This 
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may be because termites require assistance to molt, or must acquire new gut bacteria 

soon after molting from other colony members by participating in proctodeal 

trophallaxis. 

Baited foraging populations did not fill and block corners after confrontations as 

thoroughly as unbaited, healthy termites did. This may be similar to colonies in declining 

health that fail to repair their carton nest after being damaged. 

Marbling. It has been noted that termites collected from bait stations in the field 

may have a “marbled” appearance. This has also been observed in the lab, and is 

thought to be caused by a buildup of uric acid (Li et al. 2010, Xing et al. 2014). This was 

observed in bioassays with baited termites. Termites began to look less translucent, 

individuals with a gut that starkly contrasts with the fat body were observed, on average, 

23 days after termites were found on bait. As termites age, they molt less frequently 

(Alibert and Martoja 1976, Grassé 1982) which would allow for build up or uric acid in 

the fat body by way of bait and dead nest mate consumption, without immediate death. 

Marbled individuals were observed 5 days after a spike in dead were observed. These 

marbled termites may be a result of incurring higher levels of stress after a large die-off, 

or more dead and dying being cannibalized by remaining termites. Considering the 

length of time it takes for marbling to be easily observable, it is likely that these affected 

individuals were older members of the foraging population and thus molted infrequently. 

The ratio of marbled termites to non-marbled termites had increased over time as non-

marbled termites died, with marbled termites only being observed dead towards the end 

of experiments. 
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Baiting and reinvasion. Although baited termites were eliminated in roughly 43 

days, and reinvading termites were eliminated by bait after an additional 51 days, this 

study is not necessarily indicative of how long it might take to eliminate a colony or 

reinvading colony. Several factors of this experiment were artificial and may have 

impacted termite health or behavior. Points at which termites could encounter were very 

controlled; in a natural environment there may be several points at which two colonies 

may interface. This may increase the opportunities for invasion or reinvasion, although 

even in our restricted bioassays this occurred in a matter of days after panel connection. 

The length of time and amount of confrontations experienced in these arenas may have 

also put added stress on termites that may have affected their health or behavior. 

Despite these concerns, this study clearly shows the elimination of termites and 

then reinvading termites by baiting. This study confirmed reinvading termites use the 

same galleries and monitoring stations as the former inhabitants, as suggested 

previously by Messenger et al. (2005). This supports maintaining a baiting program as a 

means of continued area-wide suppression in areas of high termite density.  
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CHAPTER 3 
INTERSPECIES INTERACTIONS 

Introduction 

Florida colonies of Coptotermes formosanus have been found to have no 

agonistic response with each other, most likely due to the low genetic diversity of the 

introduced population (Su and Haverty 1991) and the fusing of Florida C. formosanus 

colonies has been documented (Su and Scheffrahn 1988a). However, agonism 

between C. formosanus and Reticulitermes spp. have been observed. Colony agonism 

may be a necessary mechanism for maintaining territories between colonies (Li et al. 

2010).  

Field studies ascertained that multiple termite species are able to cohabitate in 

neighboring territories for years at a time (Deheer and Vargo 2004, Messenger and Su 

2005a). It has also been observed that in the event of elimination by baiting, territories 

may shift to absorb a neighboring territory (Vargo 2003). Reinvasion of C. formosanus 

territories after elimination has been documented in Florida as well as other locations 

such as Hawaii and New Orleans (Messenger et al. 2005, Mullins et al. 2011). In some 

cases, reinvasion of C. formosanus territories by Reticulitermes sp. have been observed 

(Messenger et al. 2005). 

I hypothesized that 1) in unbaited controls, C. formosanus would invade 

Reticulitermes flavipes and take over their territory, 2) baited C. formosanus would be 

too weak to invade neighboring R. flavipes, and 3) R. flavipes would invade 

C. formosanus after termites are eliminated.  

In this chapter we explored the effects of baiting with noviflumuron on 

neighboring foraging populations of different species of termites. We observed the 
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decline of termite health, interspecies agonism, the fate of blockages in tunnels, shifts in 

territory, and reinvasion of an eliminated foraging population’s territory. 

Materials and Methods 

Termites 

Foraging populations of R. flavipes and C. formosanus were collected from 

Secret Woods and Anne Kolb Nature Centers in Broward County, Florida, respectively. 

Termites were collected in the manner described by Su and Scheffrahn (1986). Field 

collection of termites occurred between September, 2013 and November, 2014 as 

necessary. Soldiers available from foraging populations in Florida colonies differed in 

abundance from soldiers available in New Orleans foraging populations, and therefore 

the ratio of soldiers to workers had to be modified for this experiment. 

Planar Foraging Arena Bioassay  

Set up of the bioassay is the same as the modified intraspecies bioassay outlined 

in Chapter 2.  

Baiting and Reinvasion Experiments 

Arenas were provisioned with foraging populations of either 970 C. formosanus 

workers (undifferentiated larvae of at least the third instar) and 30 soldiers (Haverty 

1979) or 1000 R. flavipes workers and 10 soldiers (Haverty and Howard 1981) and were 

left to tunnel for at least 72 hours. The same data were recorded and procedures 

followed as documented in Chapter 2 for control and treated panels. Only 

C. formosanus was baited in interspecific experiments. 

Data Collection 

Control panels were replicated four times. Treatment panels were attempted five 

times, however C. formosanus died unexpectedly in two replications, so only data from 
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three replications were used. Because reinvasion of the baited territory only happened 

once, there were no replications for dead over time of reinvading R. flavipes in 

C. formosanus panels.  

Panels were checked twice a day for dead worker termites, dead marbled worker 

termites, blockages, unblockages, and new tunnels in the same manner as explained in 

Chapter 2 for intraspecies experiments. Data were collected for 60 days in control and 

treatment panels. R. flavipes continued to be observed for deaths and reinvasion for an 

additional 15 days after C. formosanus had been eliminated by bait. 

Beginning and final territory areas were photographed in the same manner as 

explained in Chapter 2 for intraspecies experiments.  

Data Analysis 

Variables. Number of dead worker termites and marbled dead worker termites, 

blockages, unblockages, and new tunnels observed per day were recorded and a 

cumulative count was obtained over the course of 60 days. Cumulative counts over time 

were averaged in replications and graphed. Analysis by T-test of observed dead before 

connection and at the end of the experiment, blockages, unblockages, and new tunnels 

were performed as explained in Chapter 2 for intraspecies data analysis. 

Territory area. Territory areas were analyzed in the same manner as explained 

in Chapter 2 for intraspecies data analysis. 

Results 

Decline of Termite Health 

Dead observed. Very few dead were observed in either control panels or 

unbaited panels, however the number of dead termites in baited treatment panels 

increased over time (Figure 3-1). On average, the first dead from baiting were observed 
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around six days after termites were found in the baiting chamber (Table 3-1). Termite 

deaths reached their peak around day 15. Termites died until few were observed in 

tunnels and most remaining live termites were in the introduction chamber or the bait 

chamber, around day 27. At this time, treatment panels were connected and 

neighboring unbaited termites invaded the moribund termites’ panel (Table 3-1). 

There was no significant difference between the number of deaths in                 

C. formosanus and R. flavipes in control panels (Table 3-2). There was a significantly 

higher number of deaths in C. formosanus observed as compared to R. flavipes deaths 

in baited panels (Table 3-3). The number of observed dead C. formosanus increased in 

baited panels while few dead R. flavipes were observed (Figure 3-1). There was a 

significantly higher number of dead in paired treatment panels as compared to paired 

control panels (Table 3-4). It took on average 54 days for C. formosanus to be 

eliminated by bait (Table 3-1). 

In one instance, R. flavipes invaded a neighboring C. formosanus panel of 

moribund termites. As the remaining C. formosanus died off, R. flavipes moved into the 

panel, began feeding on bait, and subsequently were eliminated (Figure 3-2). In the 

remaining replicates, R. flavipes did not attempt to leave their panels of origin before or 

after neighboring C. formosanus elimination.  

Marbling. Marbled termites were never observed in control panels or in unbaited 

treatment panels. In baited treatment panels, C. formosanus marbled began to appear, 

on average, 24 days after baiting and dead marbled were first observed 42 days after 

baiting (Table 3-1, Figure 3-3). 
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Table 3-1.  Phases of Decline in Interspecies Baited Treatment Panels 
 Number of Days 

First Dead Observed   6.00 ± 0.58 

Death Spike 15.33 ± 0.67 

Number of Deaths Slow 27.00 ± 1.73 

First Marbled Observed 24.00 ± 2.00 

All Remaining Marbled 40.33 ± 0.88 

First Marbled Dead 41.67 ± 0.88 

Baited Eliminated 53.67 ± 1.33 

*Marbled termites were never observed in unbaited panels or controls 

Table 3-2.  Percent Cumulative Dead Observed in Interspecies Control Panels 
n = 4 Control R.f. Control C.f. T P Sig. 

At Connection 0.00 ± 0.00 0.00 ± 0.00     -    - - 

End 2.80 ± 1.37 0.45 ± 0.25 1.94 0.074 ns 

 
Table 3-3.  Percent Cumulative Dead Observed in Interspecies Treatment Panels 

n = 3 Unbaited R.f. Baited C.f. T P Sig. 

At Connection   0.00 ± 0.00 41.45 ± 4.72   -8.78 0.006 s 

End   0.80 ± 0.27 45.63 ± 3.50 -13.75 0.003 s 

 
Table 3-4.  Percent Cumulative Dead Observed in Interspecies Paired Panels 

 Control Treatment T P Sig. 

At Connection   0.00 ± 0.00 41.45 ± 4.72 -10.49 6.79121E-05 s 

End   3.25 ± 1.55 45.90 ± 3.72 -11.82 3.80814E-05 s 

 
 

 
 
Figure 3-1. Observed dead over time in interspecies panels. Control and panels had few 

observed dead over time. Coptotermes formosanus dead observed increased 
over time in treatment panels. 
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Figure 3-2. Observed dead during the reinvasion of a baited Coptotermes formosanus 

panel by neighboring Reticulitermes flavipes. On day 50, R. flavipes invaded 
neighboring baited C. formosanus panel and subsequently was eliminated 
after feeding on bait. Though only 115 R. flavipes out of 1000 were observed 
dead, at the end of the experiment no live termites were observed. 

 

 
 
Figure 3-3. Interspecies observed marbled dead over time. Dead marbled Coptotermes 

formosanus were observed in baited treatment panels. Marbled termites were 
not observed in control or unbaited panels. 
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Interspecies Agonism 

Controls. Both baited and unbaited C. formosanus attempted invasion 

regardless of their condition. Upon confrontation, R. flavipes soldiers defended areas 

while workers retreated and blocked passages at “choke point” restrictions (Figure 3-4, 

3-5, Object 3-1, 3-2). Boundaries also formed between species, which were maintained 

for a period of time, but were eventually breached (Figure 3-6). In control panels there 

were very few deaths during confrontations. However, R. flavipes was most often 

displaced or eliminated by C. formosanus once they were no longer able to relocate 

within panels. In one replicate, new presoldiers were observed in R. flavipes as soon as 

one day after invasion by C. formosanus (Figure 3-7).  

Baited C. formosanus. In treatment panels, baited C. formosanus continued to 

attempt invasion of R. flavipes panels. R. flavipes retreated and blocked choke points, 

as in the control panels (Figure 3-4, 3-5). Bait continued to kill C. formosanus colonies 

and advancement into R. flavipes colonies ceased. In two out of three panels,              

R. flavipes populations did not attempt to invade C. formosanus territory even after 

elimination by bait.  
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Figure 3-4. Typical encounter between Coptotermes formosanus and Reticulitermes 

flavipes. C. formosanus invaded R. flavipes territory from the right. R. flavipes 
retreated behind choke points, moving away from confrontation, until there 
was a small buffer zone. C. formosanus continued to dig new tunnels that 
sometimes intersected R. flavipes tunnels. Occasionally new boundary walls 
formed, soldiers were observed on either side. 

  
 
Figure 3-5. Choke points in Reticulitermes flavipes control panel. A) Open choke point. 

B) Blocked choke points. 
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Figure 3-6. Boundary walls between species in control panels. Walls were reinforced at 

borders between Reticulitermes flavipes and Coptotermes formosanus 
territories. Soldiers of both species were observed at these walls before being 
breached. 

 
 
Figure 3-7. Presoldier production in Reticulitermes flavipes. R. flavipes molting to 

presoldiers one day after invasion by Coptotermes formosanus. 

Object 3-1. R. flavipes soldiers defend, workers retreat from C. formosanus (.mp4 file 
50.8MB) 

Object 3-2. R. flavipes retreats from injured C. formosanus (.mp4 file 29.7MB) 

 
Blockages, Unblockages, and New Tunnels 

In control panels, blockages increased as C. formosanus invaded R. flavipes 

panels (Figure 3-8). Blockages and unblockages in R. flavipes panels were significantly 

    

http://ufdcimages.uflib.ufl.edu/IR/00/00/52/40/00001/ReticRetreatCF(3-1).mp4
http://ufdcimages.uflib.ufl.edu/IR/00/00/52/40/00001/ReticRetreatCF(3-1).mp4
http://ufdcimages.uflib.ufl.edu/IR/00/00/52/40/00001/ReticRetreatCF(3-2).mp4
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higher than C. formosanus in control panels (Table 3-5). There was no significant 

difference between new tunnels in either control panel (Table 3-5). 

In contrast, baited panels had less blockages overall due to lack of R. flavipes 

movement into neighboring moribund C. formosanus panels (Figure 3-9). There were 

no significant differences between blockages, unblockages, or new tunnels in baited 

C. formosanus and unbaited R. flavipes panels (Table 3-6). There were no significant 

differences between blockages, unblockages, or new tunnels between the control and 

treatment paired panels (Table 3-7). 

 

   

Table 3-5.  Average Interspecies Blocks, Unblocks, New Tunnels per Control Panel 
n = 4 Control R.f. Control C.f. T P Sig. 

Blocks  15.50 ± 2.96 1.50 ± 0.87 -4.71 0.009 s 

Unblocks    4.25 ± 1.31 0.00 ± 0.00 -3.23 0.024 s 

New Tunnels    1.50 ± 0.87 0.00 ± 0.00 -1.73 0.091 ns 

 
Table 3-6.  Average Interspecies Blocks, Unblocks, New Tunnels per Treatment Panel 

n = 3 Unbaited R.f. Baited C.f. T P Sig. 

Blocks 5.00 ± 5.00 5.67 ± 3.84  0.38 0.371 ns 

Unblocks 2.33 ± 2.33 1.33 ± 0.67 -0.48 0.339 ns 

New Tunnels 0.33 ± 0.33 0.00 ± 0.00 -1.00 0.211 ns 

 
Table 3-7.  Average Interspecies Blocks, Unblocks, New Tunnels for Paired Panels 

 Control Treatment T P Sig. 

Blocks 16.75 ± 3.64 11.00 ± 3.61 -1.09 0.162 ns 

Unblocks   4.25 ± 1.31   3.66 ± 1.67 -0.28 0.396 ns 

New Tunnels   1.50 ± 0.87   0.33 ± 0.33 -1.10 0.161 ns 
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Figure 3-8. Interspecies blockages over time in control panels. Blockages, unblockages, 

and new tunnels increased after panels were connected on day 5. 

 
 
Figure 3-9. Interspecies blockages over time in treatment panels. Blockages began 

before connection. Unblockages did not occur until after panels were 
connected on day 43. Few new tunnels were observed. 
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connected 

 

Panels 
connected 



 

52 

Territory Shift 

Gallery layout. Wider C. formosanus tunnels led to an enlarged portion of a 

tunnel or a large open chamber in which many termites were observed. Thinner tunnels 

of R. flavipes were observed to have multiple restrictions between them, leading to 

many small chambers at which small groups of termites were found (Figure 3-10). 

Controls. In unbaited controls, C. formosanus invaded and reduced R. flavipes 

territory (Figure 3-11, Table 3-8). R. flavipes moved behind restrictions in tunnels 

dubbed “choke points” and avoided confrontation with the invading termites. 

C. formosanus advanced through the tunnels, unblocking or creating new tunnels. 

R. flavipes continued to block choke points and retreat until they were unable to relocate 

further. R. flavipes was then forced to confront the invading C. formosanus, which 

attacked and caused blockages. Groups of R. flavipes were divided until their 

populations were no longer functional (Figure 3-11).  

Baited panels. In baited colonies of C. formosanus, R. flavipes territory 

remained unchanged or slightly reduced (Table 3-8). In two out of three trials, 

R. flavipes did not attempt to invade neighboring territory. In one bioassay, R. flavipes 

attempted to invade a C. formosanus panel and succeeded. In this panel, R. flavipes 

absorbed the former C. formosanus territory, and began feeding off the bait within the 

panel, R. flavipes subsequently was eliminated (Figure 3-13).  

Table 3-8.  Average Interspecies Territory Areas Before and After Panel Connection 
Area (cm²) n Before After T P Sig. 

Control C.f. 4 310.00 ± 35.79 418.12 ±   60.24  -3.76 0.016 s 

Control R.f. 4 114.02 ± 12.44   47.61 ±   24.16   5.48 0.006 s 

Baited C.f. 3 343.01 ± 30.98     0.00 ±     0.00 11.07 0.004 s 

Unbaited R.f. 3 145.64 ± 20.61 239.89 ± 117.14  -0.69 0.282 ns 

Mean Area (cm²) ± SE 
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A B 
 
Figure 3-10. Differences in gallery layout between Coptotermes formosanus and 

Reticulitermes flavipes. A) C. formosanus excavated thick tunnels with an 
enlarged chamber. B) R. flavipes dug thin tunnels with multiple restrictions 
throughout. 

A B 
 
A ABBBBB     
Figure 3-11. Invasion of Reticulitermes flavipes by Coptotermes formosanus in control 

panels. A) R. flavipes territory (green), before connection to C. formosanus. 
B) Healthy C. formosanus (red) invade R. flavipes. After 3 weeks, R. flavipes 
is confined to top left corner of panel, unable to retreat further. 
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A B 
 
Figure 3-12. Interspecies trial before connection. A) Baited Coptotermes formosanus 

territory (red) before completely eliminated by baiting. B) Reticulitermes 
flavipes territory (green) before panels were connected.  

A B 
 
Figure 3-13. Interspecies trial after connection and reinvasion. A) Baited Coptotermes 

formosanus has been eliminated. B) Reticulitermes flavipes (green) has re-
invaded and taken over C. formosanus former territory. 
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Discussion 

The gallery structure of these species may lend to their behavior when 

interacting. Puche and Su (2001) suggested that the short, wide tunnels of 

C. formosanus and the longer, thinner tunnels of R. flavipes may be due to differing 

foraging strategies. However, R. flavipes blocked these longer, thinner tunnels multiple 

times while retreating from C. formosanus, suggesting that their tunnels may take on a 

defensive purpose. Though C. formosanus were able to quickly reach R. flavipes in 

large numbers within their wider tunnels, they were not able to attack large numbers of 

R. flavipes, as many of their population retreated into their thinner tunnels, blocking 

them as they moved. This is supported by the relatively few dead observed upon 

intersection of tunnels, as compared with intraspecies confrontations within 

C. formosanus. It should be noted that in a field situation, R. flavipes may have the 

opportunity to continue to avoid confrontation, as this bioassay limits movement. 

In one replicate, R. flavipes reinvaded baited C. formosanus territory, which 

supports the field observation of R. flavipes entering territories of C. formosanus after 

their elimination (Messenger et al. 2005). In the other two replicates in which R. flavipes 

did not attempt to invade the neighboring panel even after C. formosanus was 

weakened by bait, it is possible that tunnel volume and termite density was not great 

enough to warrant movement into other territories (Su and Lee 2009). Reticulitermes 

spp. have been observed reinvading monitoring stations once other Reticulitermes spp. 

have been eliminated (Getty, 2000, Vargo 2003), so it is likely that with further 

replication, we might see R. flavipes regularly reinvade C. formosanus as observed in 

this study. The subsequent elimination of R. flavipes after entering a former 
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C. formosanus baited panel suggests that control can be maintained over an area by 

continuing a baiting program.  
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CHAPTER 4 
CONCLUSION 

Intraspecies experiments showed C. formosanus always reinvade neighboring 

territories. They used old galleries of eliminated termites and feed on bait left behind, 

and subsequently were eliminated themselves. R. flavipes interspecies interactions 

differ in that they retreated from confrontation with C. formosanus when possible.         

R. flavipes may invade a neighboring weakened C. formosanus population, although 

more replications would show a clearer picture of these behaviors. Regardless, 

reinvading R. flavipes were eliminated by bait left in C. formosanus galleries. This 

supports maintaining a baiting program in areas of high termite pressure for 

management and control of C. formosanus and R. flavipes infestations. 

  



 

58 

LIST OF REFERENCES 

Alibert, J., and R. Martoja. 1976. Bioaccumulation minérale et purique chez les 
termites. Insect. Soc. 23: 49-73. 

 
Cabrera, B. J., and E. M. Thoms. 2006. Versatility of baits containing noviflumuron for 

control of structural infestations of Formosan subterranean termites (Isoptera: 
Rhinotermitidae). Fla. Entomol. 89: 20-31. 

 
Chouvenc, T., P. Bardunias, H.-F. Li, M. L. Elliott, and N.-Y. Su. 2011. Planar arenas 

for use in laboratory bioassay studies of subterranean termites (Rhinotermitidae). 
Fla. Entomol. 94: 817-826. 

 
Cornelius, M. L., and W. L. Osbrink. 2003. Agonistic interactions between colonies of 

the Formosan subterranean termite (Isoptera: Rhinotermitidae) in New Orleans, 
Louisiana. Environ. Entomol. 32: 1002-1009. 

 
Deheer, C. J., and E. L. Vargo. 2004. Colony genetic organization and colony fusion in 

the termite Reticulitermes flavipes as revealed by foraging patterns over time and 
space. Mol. Ecol. 13: 431-441. 

 
Getty, G. M., M. I. Haverty, K. A. Copren, and V. R. Lewis. 2000. Response of 

Reticulitermes spp. (Isoptera: Rhinotermitidae) in Northern California to baiting 
with Hexaflumuron with Sentricon Termite Colony Elimination System. J. Econ. 
Entomol. 93: 1498-1507. 

 
Grace, J., C. Tome, T. Shelton, R. Oshiro, and J. Yates. 1996. Baiting studies and 

consideration with Coptotermes formosanus (Isoptera: Rhinotermitidae) in 
Hawaii. Sociobiology 28: 511-520. 

 
Grace, J. K., and N.-Y. Su. 2001. Evidence supporting the use of termite baiting 

systems for long-term structural protection (Isoptera). Sociobiology 37: 301-310. 
 
Grassé, P. 1982. Termitologia: Anatomie, Physiologie, Reproduction des Termites. Vol 

I. Masson, Paris. 
 
Haverty, M. 1979. Soldier production and maintenance of soldier proportions in 

laboratory experimental groups of Coptotermes formosanus Shiraki. Insect. Soc. 
26: 69-84. 

 
Haverty, M., and R. Howard. 1981. Production of soldiers and maintenance of soldier 

proportions by laboratory experimental groups of Reticulitermes flavipes (Kollar) 
and Reticulitermes virginicus (Banks)(Isoptera: Rhinotermitidae). Insect. Soc. 28: 
32-39. 

 
 



 

59 

Haverty, M. I., N.-Y. Su, M. Tamashiro, and R. Yamamoto. 1989. Concentration-
dependent presoldier induction and feeding deterrency: potential of two insect 
growth regulators for remedial control of the Formosan subterranean termite 
(Isoptera: Rhinotermitidae). J. Econ. Entomol. 82: 1370-1374. 

 
Husseneder, C., J. Grace, M. Messenger, E. Vargo, and N.-Y. Su. 2003. Describing 

the spatial and social organization of Formosan subterranean termite colonies in 
Armstrong Park, New Orleans. Sociobiology 41: 61-66. 

 
Jones, S. C. 1984. Evaluation of two insect growth regulators for the bait-block method 

of subterranean termite (Isoptera: Rhinotermitidae) control. J. Econ. Entomol. 77: 
1086-1091. 

 
Jones, S. C. 1993. Field observations of intercolony aggression and territory changes in 

Heterotermes aureus (Isoptera: Rhinotermitidae). J. Insect Behav. 6: 225-236. 
 
Karr, L. L., J. J. Sheets, J. E. King, and J. E. Dripps. 2004. Laboratory performance 

and pharmacokinetics of the benzoylphenylurea noviflumuron in eastern 
subterranean termites (Isoptera: Rhinotermitidae). J. Econ. Entomol. 97: 593-
600. 

 
La Fage, J., N. Su, M. Jones, and G. Esenther. 1983. A rapid method for collecting 

large numbers of subterranean termites from wood. Sociobiology 7. 
 
Levings, S. C., and E. S. Adams. 1984. Intra-and interspecific territoriality in 

Nasutitermes (Isoptera: Termitidae) in a Panamanian mangrove forest. J. Anim. 
Ecol. 705-714. 

 
Li, H.-F., R.-L. Yang, and N.-Y. Su. 2010. Interspecific competition and territory 

defense mechanisms of Coptotermes formosanus and Coptotermes gestroi 
(Isoptera: Rhinotermitidae). Environ. Entomol. 39: 1601-1607. 

 
Messenger, M., and N.-Y. Su. 2005a. Colony characteristics and seasonal activity of 

the Formosan subterranean termite (Isoptera: Rhinotermitidae) in Louis 
Armstrong Park, New Orleans, Louisiana. J. Entomol. Sci. 

 
Messenger, M. T., and N.-Y. Su. 2005b. Agonistic behavior between colonies of the 

Formosan subterranean termite (Isoptera: Rhinotermitidae) from Louis Armstrong 
Park, New Orleans, Louisiana. Sociobiology 45: 331-345. 

 
Messenger, M. T., N.-Y. Su, C. Husseneder, and J. K. Grace. 2005. Elimination and 

reinvasion studies with Coptotermes formosanus (Isoptera: Rhinotermitidae) in 
Louisiana. J. Econ. Entomol. 98: 916-929. 

 



 

60 

Mullins, A. J., N.-Y. Su, and C. Owens. 2011. Reinvasion and colony expansion of 
Coptotermes formosanus (Isoptera: Rhinotermitidae) after areawide elimination. 
J. Econ. Entomol. 104: 1687-1697. 

 
Puche, H., and N.-Y. Su. 2001. Tunnel formation by Reticulitermes flavipes and 

Coptotermes formosanus (Isoptera: Rhinotermitidae) in response to wood in 
sand. J. Econ. Entomol. 94: 1398-1404. 

 
Randall, M., and T. C. Doody. 1934. Poison dusts. I. Treatments with poisonous dusts. 

Termites and termite control. Univ. Calif. Press, Berkeley 17: 463-476. 
 
Rust, M. K., and N.-Y. Su. 2012. Managing social insects of urban importance. Ann. 

Rev. Entomol. 57: 355-375. 
 
Su, N.-Y. 1991. Evaluation of bait-toxicants for suppression of subterranean termite 

populations. Sociobiology 19: 1-220. 
 
Su, N.-Y. 1994. Field evaluation of a hexaflumuron bait for population suppression of 

subterranean termites (Isoptera: Rhinotermitidae). J. Econ. Entomol. 87: 389-
397. 

 
Su, N.-Y. 2005. Response of the Formosan subterranean termites (Isoptera: 

Rhinotermitidae) to baits or nonrepellent termiticides in extended foraging 
arenas. J. Econ. Entomol. 98: 2143-2152. 

 
Su, N.-Y. 2013. Estimating population size of large laboratory colonies of the Formosan 

subterranean termite using the capture probability equilibrium. J. Econ. Entomol. 
106: 2442-2447. 

 
Su, N.-Y., and M. Tamashiro. 1987. An overview of the Formosan subterranean 

termite (Isoptera: Rhinotermitidae) in the world. Research extension series-
College of Tropical Agriculture and Human Resources, University of Hawaii, 
Cooperative Extension Service (USA). 

 
Su, N.-Y., and R. H. Scheffrahn. 1988a. Intra-and interspecific competition of the 

Formosan and the eastern subterranean termite: Evidence from field 
observations (Isoptera: Rhinotermitidae). Sociobiology. 

 
Su, N.-Y., and R. H. Scheffrahn. 1988b. Foraging population and territory of the 

Formosan subterranean termite(Isoptera: Rhinotermitidae) in an urban 
environment. Sociobiology 14: 353-360. 

 
Su, N.-Y., and R. H. Scheffrahn. 1989. Comparative effects of an insect growth 

regulator, S-31183, against the Formosan subterranean termite and eastern 
subterranean termite (Isoptera: Rhinotermitidae). J. Econ. Entomol. 82: 1125-
1129. 



 

61 

Su, N.-Y., and R. H. Scheffrahn. 1990. Economically important termites in the United 
States and their control. Sociobiology 17: 77-94. 

 
Su, N.-Y., and M. I. Haverty. 1991. Agonistic behavior among colonies of the Formosan 

subterranean termite, Coptotermes formosanus Shiraki (Isoptera: 
Rhinotermitidae), from Florida and Hawaii: Lack of correlation with cuticular 
hydrocarbon composition. J. Insect Behav. 4: 115-128. 

 
Su, N.-Y., and R. H. Scheffrahn. 1993. Laboratory evaluation of two chitin synthesis 

inhibitors, hexaflumuron and diflubenzuron, as bait toxicants against Formosan 
and eastern subterranean termites (Isoptera: Rhinotermitidae). J. Econ. Entomol. 
86: 1453-1457. 

 
Su, N.-Y., and R. H. Scheffrahn. 1996. Fate of subterranean termite colonies (Isoptera) 

after bait applications--an update and review. Sociobiology. 
 
Su, N.-Y., and R. H. Scheffrahn. 1998. A review of subterranean termite control 

practices and prospects for integrated pest management programmes. Integrated 
Pest Management Rev. 3: 1-13. 

 
Su, N.-Y., and R. H. Scheffrahn. 2000. Termites as pests of buildings, pp. 437-453, 

Termites: evolution, sociality, symbioses, ecology. Springer. 
 
Su, N.-Y., and S.-H. Lee. 2009. Tunnel volume regulation and group size of 

subterranean termites (Isoptera: Rhinotermitidae). Ann. Entomol. Soc. Am. 102: 
1158-1164. 

 
Su, N.-Y., M. Tamashiro, and M. I. Haverty. 1985. Effects of three insect growth 

regulators, feeding substrates, and colony origin on survival and presoldier 
production of the Formosan subterranean termite (Isoptera: Rhinotermitidae). J. 
Econ. Entomol. 78: 1259-1263. 

 
Su, N.-Y., P. M. Ban, and R. H. Scheffrahn. 1991a. Evaluation of twelve dye markers 

for population studies of the eastern and Formosan subterranean termite 
(Isoptera: Rhinotermitidae). Sociobiology 19: 349-362. 

 
Su, N.-Y., P. M. Ban, and R. H. Scheffrahn. 1991b. Suppression of foraging 

populations of the Formosan subterranean termite (Isoptera: Rhinotermitidae) by 
field applications of a slow-acting toxicant bait. J. Econ. Entomol. 84: 1525-1531. 

 
Su, N.-Y., P. M. Ban, and R. H. Scheffrahn. 1993. Foraging populations and territories 

of the eastern subterranean termite (Isoptera: Rhinotermitidae) in southeastern 
Florida. Environ. Entomol. 22: 1113-1117. 

 
 
 



 

62 

Su, N.-Y., J. D. Thomas, and R. H. Scheffrahn. 1998. Elimination of subterranean 
termite populations from the Statue of Liberty National Monument using a bait 
matrix containing an insect growth regulator, hexaflumuron. J. American Inst. 
Conserv. 37: 282-292. 

 
Su, N.-Y., M. Tamashiro, J. R. Yates, and M. I. Haverty. 1982. Effect of behavior on 

the evaluation of insecticides for prevention of or remedial control of the 
Formosan subterranean termite. J. Econ. Entomol. 75: 188-193. 

 
Su, N. Y., and R. H. Scheffrahn. 1986. A method to access, trap, and monitor field 

populations of the Formosan subterranean termite(Isoptera: Rhinotermitidae) in 
the urban environment. Sociobiology 12: 299-304. 

 
Vargo, E. L. 2003. Genetic structure of Reticulitermes flavipes and R. virginicus 

(Isoptera: Rhinotermitidae) colonies in an urban habitat and tracking of colonies 
following treatment with hexaflumuron bait. Environ. Entomol. 32: 1271-1282. 

 
Xing, L., T. Chouvenc, and N.-Y. Su. 2014. Behavioral and histological changes in the 

Formosan subterranean termite (Isoptera: Rhinotermitidae) induced by the chitin 
synthesis inhibitor noviflumuron. J. Econ. Entomol. 107: 741-747. 

 



 

63 

BIOGRAPHICAL SKETCH 

As a child, Sarah would often be found peering into the grass with a butterfly net 

and an insect carrier in tow. She was always known as “the bug girl” and it came as no 

surprise to friends and family that she came to take an interest in entomology. 

Sarah grew up in Boca Raton, Florida, immersed in a culture of insects and 

science. She was encouraged by her father to be curious and to always continue 

learning. Her family owned and operated a pest control service business in her youth, 

and later the family took on a new role as a manufacturer of pest control products.  

After high school, Sarah continued on to earn her Bachelor of Science degree in 

biology from Florida State University in Tallahassee before later joining the termite lab 

at the Ft. Lauderdale Research and Education Center in Davie. There she studied 

social insects and earned her Master of Science degree from the University of Florida 

with Dr. Nan-Yao Su as her Major Professor. 

Sarah currently has a keen interest in medical entomology and is knowledgeable 

in urban entomology and insect identification. 


