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Observed Color Phenomena and Behavioral Abnormalities 
of Reticulitermes spp. in AWPA E1-09 Standard Laboratory  

Termite Test
by

Todd E. Johnson1, Shane C. Kitchens2  & Terry L. Amburgey3

ABSTRACT

A standard laboratory termite test was conducted in September of 2010 
using termites from a single colony of Reticulitermes spp., gathered in East 
Central Mississippi. Testing was performed adhering to procedures outlined 
in the AWPA E1-09 Standard termite test. Wood wafers used in the test were 
treated with an organosilane compound. Observations of worker termites 
exposed to treated wood wafers during testing included disoriented, convul-
sive type movements as well as sluggish behavior. Post mortem observations 
indicated that some worker termites exposed to treated wood wafers assumed 
a light pinkish to red color, primarily in the head area extending to the abdo-
men. The abnormal behavior and post mortem color phenomena observed 
in this test resemble observations in past studies on the association between 
termites and the bacterium Serratia marcescens.

INTRODUCTION

Laboratory tests of treated or non-treated wood materials primarily focus 
on either termite feeding or repellency. One such procedure for testing is the 
American Wood Protection Association E1-09 Standard Method for Labora-
tory Evaluation to Determine Resistance to Subterranean Termites (AWPA 
2010). With this procedure, weight losses of wood wafers exposed to worker 
termites in non-sterile test chambers are used as the basis of termite resistance. 
However, tests have indicated that factors influencing termite behavior, other 
than attracting or repelling, may affect the results of the test. For example, 
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interactions between termites and bacteria and/or fungi have been shown to 
affect termite feeding (DeBach & McOmie 1939; Cornelius 2002; Amburgey 
1977). While determining the termite resistance of organosilane-treated wood 
wafers was the primary objective of this study, observations of the behavioral 
pattern of termites during this test is the purpose of this manuscript. 

METHODS

The AWPA E1-09 laboratory termite test was used as the protocol for 
this test. Termites (Reticulitermes spp.) were collected from a pine log on 
the Mississippi State University Dorman Lake Test Site in AWPA Hazard 
Zone 4 (Fig. 1). Since Reticulitermes flavipes (Kollar) is the primary termite 
species at this site, test organisms are believed to be R. flavipes. However, 
the termites were not specifically identified to species. Southern yellow pine 
(Pinus spp.) sapwood wafers treated with the organosilane 3-(Trimethoxysilyl)-
propyldimethyl octadecyl ammonium chloride, (Si-Quat), were used as the 
food source for worker termites. Non-treated pine sapwood wafers served as 

Fig. 1. Collection site of Reticulitermes spp. for testing
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controls. The Si-Quat used in this study is widely known for its antimicrobial 
abilities (Kemper & others 2005; Isquith & others 1972; Hayes & White 1984; 
Monticello & others 2009). The duration of this test was twenty-eight days, 
during which time termite feeding behavior was observed and post mortem 
observations were made. 

OBSERVATIONS

Early in the testing period, termites exposed to wood wafers treated with 
both low (1% ai) and high (2.5% ai) concentrations of the Si-Quat exhibited 
erratic behavior. Movements were hyper-active and convulsive, resembling 
spasms. As the study progressed, termites adopted an increasingly sluggish, 
lethargic behavior to the point that mortality was believed to have been 
reached. This observation was nullified when abrupt disturbance of the test 
chambers prompted movement from the termites. A pinkish coloration on 
deceased termites was observed in various test chambers, but this coloration 
was not evident on living termites. Pink stains remained on the sand in the 
containers, evidently where the termites deteriorated with time. Termites 
exhibiting the pink coloration were removed for analysis and either placed 
in 95% ethyl alcohol or frozen for preservation. Specimens in the alcohol 
solution lost the coloration within twenty-four hours, while frozen specimens 
retained the color (Figs. 2 and 3). These observations prompted further in-
vestigation. No unusual observations were made regarding worker termites 
exposed to untreated wood wafers. 

LITERATURE REVIEW

In a test reported in 1939, strains of bacteria were isolated and analyzed 
because of their observed ability to kill termites (DeBach & McOmie 1939). 
The author reported symptoms of termites infected with one strain, Serratia 
marcescens (Bizio), that included observations similar to those noted in the 
present study and was believed to be the first such observation on record for 
the Order Isoptera. DeBach and McOmie reported varying red colorations 
on termites post mortem that affected, and was most pronounced, in the head. 
They also noted the coloration in other anatomical areas such as legs, thorax, 
etc. The coloration was not observed prior to death, but characteristics of the 
infected living termites included lethargy, no feeding activities, isolation from 
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Fig. 2. Frozen specimen. Varying intensities of pigment noted in the head, abdomen and legs.

Fig. 3. Frozen specimen. Note colorations on the head and legs.
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other termites, and a loss of motion leading up to death. They hypothesized 
that the isolation could, in part, be due to hypersensitivity, and that post mortem 
movements observed were likely due to effects on the nervous system.

Subsequent studies with S. marcescens have indicated that it is a facultative 
anaerobe that is a symbiont of the anaerobic protozoa in the gut of termites 
(Adams & Boopathy 2005). Although the termites ingest wood, it is their 
symbiotic protozoa that digest the wood components into compounds that 
serve as food for the anaerobic protozoa, their symbiotic bacteria (e.g., S. 
marcescens), and the termites (Adams & Boopathy 2005; Brune & Friedrich 
2000). Serratia marcescens, in turn, scavenges oxygen coming through the 
termite gut walls to use for its respiration and to keep the gut anaerobic, 
as required by the protozoa (Adams & Boopathy 2005). When something 
disrupts these symbiotic relationships (e.g., termites treated with immuno-
suppressing compounds) the termites’ immune defense response is suppressed 
(Connick & others 2001; Osbrink & others 2001). The increasing stress 
on the termites is believed to be associated with triggering the symbiont S. 
marcescens to become pathogenic. This, rather than insecticidal toxicity, may 
be the mode of action of some wood preservatives with observed termiticidal 
toxicity. The organosilane used to treat wood specimens in the current study 
may have this mode of action. 

Isolated strains of S. marcescens were used in a study on Coptotermes for-
mosanus (Shiraki) (Connick et al. 2001). In this test, termites exposed to S. 
marcescens   had high mortality rates, and red features were observed on the 
termites post mortem, as was observed in the present study. Serratia marcescens 
has been used as a biological indicator of the presence of organisms that have 
made contact with the bacterium because of its ability to be monitored based 
on its distinctive pigment which ranges from red to light pink (Yu 1979). The 
pathogenicity of S. marcescens has been documented for not only termites 
but many mammals, as it is an agent in many respiratory, urinary and muscu-
loskeletal infections (Yu 1979; Rosahn & Hu 1933; Kahn & others 1977). 
Particularly of interest to the present study is the fact that infection by the 
bacterium is a common risk associated with taking antimicrobial medicines 
(Yu 1979). This may be correlated with the use of an antimicrobial, Si-Quat, 
treatment in the present study. Also of interest is the pigment’s confirmed 
solubility in alcohol and light sensitivity (DeBach & McOmie 1939; Yu 
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1979). These variables are consistent with observations in the present study 
in which the pigment was lost from termite specimens placed in an alcohol 
solution as well as fading of the pigment while photographs were being taken, 
possibly due to the intense, direct lighting used.

SUMMARY
The primary goal of the present study was to examine feeding of termites 

on organosilane treated wood wafers. Observations of worker termite be-
havior and post mortem appearance in the present study are similar to those 
previously published in which a bacterium, S. marcescens, was isolated and 
exposed to termites under various experimental conditions. The observations 
in the present study were secondary to the goal of the study, and unexpected, 
requiring further research. Under consideration is whether the pathogenic 
response of S. marcescens was selectively stimulated by the use of the Si-Quat 
treatment. Further research will be conducted to determine if the phenomena 
observed in the present study can be replicated on termites collected from 
the same colony. The termites will also be monitored more stringently and 
a larger sample group will be maintained for bacteria isolation. This work 
will be important for insuring a healthy termite population when utilized 
in future basic and standardized testing procedures. Perhaps observations of 
termite behavior, and development of red coloration in dead termites, should 
be added to the protocol of AWPA Standard E1-09. 
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