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ABSTRACT

Reliance on use of the Petri dish for bioassay studies has resulted in the majority of subter-
ranean termite research being conducted in a manner that has not taken into account one
of the most important feature of subterranean termites ecology: the soil in which they live.
This artificial environment for bioassays, favored for its ease of use, may have resulted in ac-
cumulation of data about termite physiology, toxicology, pathology and behavior with limited
biological relevancy. Caution should be taken when drawing conclusion from such experi-
ments, because recent studies that made use of planar arenas (or ‘two-dimensional arenas’),
which provided soil-foraging conditions for termites and visibility for observation, have pro-
duced findings that are either contradictory to or more complete than corresponding Petri
dish studies. The result of this study showed that groups of termites kept in planar arenas
had better vigor and survivorship after 60 d than groups kept in Petri dishes. We also de-
scribe a list of technical advantages that the use of planar arenas can provide over the use
of Petri dishes, and suggest that entomologists planning future laboratory studies on sub-
terranean termites should consider using a similar protocol that involves planar arenas.
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RESUMEN

Al depender en el uso de platos Petri para realizar estudios de bioensayo ha resultado en que
la mayoria de las investigaciones de termitas subterrdneas no toman en cuenta la caracte-
ristica mas importante de la ecologia de las termitas: el suelo en que viven. Este ambiente
artificial para los bioensayos, favorecido por su facilidad de uso, puede tener como resultado
la acumulacién de datos sobre la fisiologia, toxicologia, patologia y comportamiento de las
termitas que son de relevancia biolégica limitada. Se debe tener precaucion en sacar conclu-
siones de estos experimentos, ya que estudios recientes que se hicieron utilzando arenas pla-
nas (o de arenas cerca de dos dimensiones), que proveen condiciones para que las termitas
forajen en el suelo y la visibilidad para observarlas, han producido resultados que son con-
tradictorios o mas completos que los estudios correspondientes utilizando platos Petri. El re-
sultado de este estudio mostro que los grupos de termitas mantenidos en “arenas planas”
tuvieron mas vigor y supervivencia a los 60 dias que los grupos mantenidos en platos Petri.
También se incluye una lista de las ventajas técnicas que el uso de “arenas planas” pueden
proveer sobre el uso de platos Petri, y sugieren que los entomélogos que planean estudios de
laboratorio sobre las termitas subterraneas en el futuro deben considerar el uso de un pro-
tocolo similar que involucra a las “arenas planas”.

Subterranean termites (Rhinotermitidae) in-
habit extensive tunnel networks that they exca-
vate through soil in search of resources. These
cryptic nests with long underground galleries
render subterranean termites difficult to detect,
observe and control (King & Spink 1969; Su &
Scheffrahn 1988). Due to their pest status, the
genera Coptotermes and Reticulitermes have been
the subject of numerous laboratory studies that
focused on various aspects of their biology includ-
ing, behavior, physiology, toxicology, and pathol-
ogy. Although, by definition, any laboratory assay

places the termites in an artificial environment, it
is preferable that termites are provided with con-
ditions that simulate as closely as possible their
natural subterranean habitat; so that data can be
interpreted with biological relevancy (Becker
1969; Lenz 1986). In natural conditions, the tun-
nel walls are lined with soil particles mixed with
termite feces, which functions as a cement that
consolidates the structure of the tunnel and pre-
vents temperature and moisture extremes
(Greaves 1962; Wood 1988). The microbial com-
munity associated with tunnel walls has been
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shown to be altered by the termites themselves
(Chouvenc et al. 2011a). Therefore, the tunnel
system of subterranean termites should be con-
sidered as a modified environment, when com-
pared with its surrounding soils, and is part of the
extended phenotype of the termite colony (Dawk-
ins 2004). This aspect should be carefully taken
into account when interpreting data from labora-
tory assays about termite biology. According to
Becker (1969), “the experimental protocol must
provide the necessary space and aeration and ren-
der possible the maintenance of suitable ecological
and nutritional conditions. It must prevent the in-
dividuals from escaping, and should allow contin-
uous observation without serious disturbance of
the insects. . . . Soil-dwelling species need space for
moving and gallery building as part of their natu-
ral behavior; and in long-term tests, Rhinotermiti-
dae should be provided with soil to satisfy their
building instinct.”

Despite Becker’s recommendation, most of the
current research on subterranean termites does
not include an experimental protocol that takes
into consideration of their complex biology. A sur-
vey of the 2009-2010 scientific literature where
some type of bioassay on Coptotermes was per-
formed revealed that out of 174 publications, 141
of them used Petri dishes or their equivalent for
the bioassay (Chouvenc, personal observation).
The use of the Petri dish appears to be favored be-
cause it is easy to setup and allows direct visual
observation. The popularity of Petri dish assays
has resulted in the majority of subterranean ter-
mite research being conducted using a type of bio-
assay that does not take into account one of the
most important ecological features of subterra-
nean termites: their soil-dwelling living condi-
tion. The inherent problems of using bioassays
with limited biological relevancy were previously
reviewed and discussed by Lenz (1986, 2009), who
suggested that survival of termites in bioassays
usually is unsatisfactory, even in the control
groups, and that the value of such experiments
was “meaningless.” We also suggest that such ex-
perimental protocols can only provide limited in-
formation and that considerable caution should
be exercised in drawing conclusions from them.

The use of jars containing soil is one option
that provides a ‘naturalistic’ setting and is recom-
mended by the American Wood Protection Associ-
ation (2009), but the types of bioassays that can
be performed in jars are limited by the inability to
observe all termites in the units. A compromise
between the non-soil but visible environment of
Petri dishes, and the non-visible but soil environ-
ment of jars may be a planar arena, also called
‘two-dimensional arena’, consisting of a thin soil
layer between two transparent plates. Bardunias
& Su (2005) suggested that because natural ter-
mite tunnel networks are excavated within a lim-
ited soil horizon, a planar arena might allow for a

Florida Entomologist 94(4)

December 2011

2.cm

Fig. 1. Steps for the assembly of a planar arena. Ps =
Plexiglas sheet, Pl = Plexiglas laminate, Hs = spacer
and holes for the screw, H1 = 0.4 mm hole allowing in-
troduction of liquids in the arena, H2 = 5 mm hole allow-
ing the introduction of termites, Ap = absorbent pad
(cellulose) with a hole for the spacer, Sp = sand particles,
Es = empty space.

more natural tunnel expansion than a volume of
soil that is deeper but with limited lateral dis-
tance. This type of arena originated with Luscher
(1949), who proposed a “glass plate-termitary”
consisting of two glass plates separated by spac-
ers that create a space in between the plates,
which are held together by clips, and where ter-
mites can be placed, and that can allow continu-
ous observation of termite groups for extended pe-
riods. These arenas have only recently been used
for laboratory bioassays on foraging behaviors of
subterranean termites (Robson et al. 1995; Rein-
hard et al. 1997; Hedlund & Henderson 1999;
Pitts-Singer & Forschler 2000; Campora & Grace
2001; Puche & Su 2001; Su & Puche 2003; Tucker
et al. 2004; Su 2005a; Lee et al. 2007; Nobre et al.
2007; Whitman & Forschler 2007; Li & Su 2008,
2009; Bardunias & Su 2009, 2010).

Besides these few studies on some of the as-
pects of foraging behaviors in termites, only a
small number of studies have used this type of ex-
perimental device to elucidate other aspects of
termite biology. Su (2005b) used ‘extended two-di-
mensional arenas’ (providing a distance factor of
50 m) with laboratory groups of Coptotermes for-
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mosanus Shiraki to study the effect of distant
treatments on large groups (10,000) of foraging
termites. This study showed that previous labora-
tory assays using small devices could only provide
limited insight into the long term and long dis-
tance effects of toxicants on termite groups. Chou-
venc et al. (2008) used large arenas (50 cm x 50
cm) with Reticulitermes flavipes (Kollar) to show
that the survivorship of termites in groups of 960
individuals placed in soil and allowed to forage
was not affected by the presence of a fungal
pathogen, while small groups of termites kept in
Petri dishes were susceptible to the fungus. Fi-
nally, Messenger & Su (2005) and Li et al. (2010)
described the agonistic behavior in Coptotermes
using planar arenas; and Li et al. (2010) com-
pared the data obtained from Petri dish assays to
data obtained from planar arenas filled with
sand. The arena assay revealed important fea-
tures of the agonistic behavior that were not pre-
viously observable from the Petri dish experiment
alone. These few studies showed that the use of
planar arenas allowed the monitoring of variables
about toxicity, pathogenicity and behavior in en-
vironmental conditions with greater biological
relevancy than other types of laboratory bioas-
says. Data from these studies led to different in-
terpretations than previous work from their re-
spective fields of research; and which suggests
that a part of the results accumulated so far and
the interpretations drawn from them may have a
limited significance about subterranean termite
biology.

Despite these recent studies showing the po-
tential of the use of planar arenas, their use re-
mains anecdotal in the subterranean termite lit-
erature. One aspect that these studies have not
provided is the comparison of the survivorship be-
tween groups of termites in Petri dishes and pla-
nar arenas over extended periods of time. Such
data would indicate if the vigor of groups of ter-
mites in planar arenas is improved over groups of
termites kept in Petri dishes. The results of our
current study, have induced us to advocate the
use of planar arenas as an alternative to the types
of bioassays currently used for laboratory studies
of subterranean termites. We provide compara-
tive survivorship between groups of termites kept
in Petri dishes and planar arenas, and analyze
the advantages and disadvantages of the use of
such protocols.

MATERIALS AND METHODS

Collection of Termites

Termites were collected from three field colo-
nies of C. formosanus in Fort Lauderdale, Florida
using the method described by Su & Scheffrahn
(1986), processed according to Tamashiro et al.
(1973), and kept in groups of at least 1,000 for 10
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to 15 d in containers stored at 28 °C. For each col-
ony, 12 groups of 50 termites were prepared, us-
ing a caste ratio of 45 workers (undifferentiated
larvae of at least the third instar) and 5 soldiers.
The groups of termites were then placed in either
1 of the 2 environmental conditions: Petri dishes
or planar arenas. Subsequently observations
were made for 60 d.

Preparation of Petri Dishes

Sterile glass Petri dishes (50 mm diam) were
prepared by placing a sterile absorbent pad (cel-
lulose, 45 mm diam, 2 mm thick, Millipore Corp.
Billerica, Massachusetts) in the center and add-
ing 1 mL of sterile deionized water to the pad. A
group of 50 termites was introduced in each Petri
dish, which was wrapped with Parafilm to reduce
desiccation. Six replicates were done for each ter-
mite colony, for a total of 18 replicates. Petri
dishes were placed at 28 °C in the dark, and digi-
tal pictures were taken daily for a total period of
60 d. Small quantities of water were added to the
absorbent pads when needed to maintain a humid
environment in all Petri dishes. Dead termites
were not removed.

Preparation of Planar Arenas

The planar arenas (Fig. 1) were each composed
of 2 sheets of transparent Plexiglas™ (12 x 12 x
0.2 cm in thickness) separated from each other by
Plexiglas laminates (2 cm wide and 0.2 cm thick)
on the 4 sides, creating a 10 x 10 x 0.2 ¢cm space in-
side the arena. A 0.4 mm diam hole was drilled
close to the center of the top Plexiglas sheet, to en-
able the introduction of liquids with the help of a
syringe, and a 5 mm-diameter hole was provided
in one corner for the introduction of the termites
into the arena chamber. An additional 4 mm-di-
ameter hole was drilled at the center of both the
top and bottom Plexiglas sheet and a 1 x 1 x 0.2
cm perforated spacer was glued on the bottom
sheet. The spacer, used with a screw, prevents the
sheets from warping in or out. Before assembly,
all elements were washed with soap, immersed in
bleach (3% sodium hypochlorate solution) for 2 h
and rinsed 3 times with sterile DI water. A sterile
absorbent pad (45 mm diam, with a 1 x 1 cm hole
in the middle) was placed in each arena, centered
with the central spacer, and the arena was filled
with 18 g of wet sand (15 g of sterile dry sand,
150-500 um sieves, and 3 mL sterile water), leav-
ing a band of 10 x 2.5 cm empty on the opposite
border, and exposing the absorbent pad to the
empty space (Fig. 1). The arena pieces were kept
together with eight 1-cm binder clips and the
mounted arena was set up horizontally. The 4
sides of the arena were sealed with hot glue on
the side, in order to prevent sand desiccation. One
mL of sterile deionized water was injected via the
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center hole onto the absorbent pad. A group of 50
termites was introduced into the arena with the
help of a small funnel, and after all of these ter-
mites had entered the arena, the introduction
hole was sealed with a thin transparent plastic
cover. Six replicates were prepared for each ter-
mite colony, for a total of 18 replicates. Arenas
were placed at 28 °C in the dark, and digital pic-
tures were taken daily, for 60 d. Small quantities
of water were added to the absorbent pad with a
syringe through the center hole of the top Plexi-
glas sheet when needed, in order to maintain a
humid environment in all arenas. Dead termites
were not removed.

Survival Analysis

A Cox proportional-hazard regression analysis
(using the program R-Project for statistical com-
puting, version 2.4; http//cran.r-project.org/) was
performed on all the individuals in order to esti-
mate the effect of 2 variables on the termites’ sur-
vivorship: the environmental condition, and the
colony of origin. Through the analysis the Wald
statistic was generated. The resulting hazard
function defines the instantaneous rate of death
at a particular time, while controlling the effects

Florida Entomologist 94(4)
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of other variables on survival. Pairwise compari-
sons of the death rates were adjusted by the
Holm-Bonferroni method (o = 0.05).

RESULTS

General Observations

Termites kept in planar arenas excavated sand
particles and created a tunnel system within a cou-
ple of days (Fig. 2a). The empty space was filled
with sand along with the extension of the tunnel
system as described by Li & Su (2008). The cellu-
lose absorbent pad was partially consumed but
some of the cellulose matrix was not fed upon by
the termites during the period of the study, instead
the paper fragments were treated much like parti-
cles of soil and were deposited within the tunnel
walls. Dead termites were mostly cannibalized,
but in 3 cases, the cadaver was buried into the tun-
nel walls, which physically separated the cadaver
from the rest of the termite group. On one of the
buried cadavers, a saprophytic fungus identified as
Aspergillus nomius Kurtzman, Horn & Hesseltine
grew and sporulated within 48 h after the death of
the termite (Fig. 3), but was not in contact with the
rest of the termite group for the duration of the ex-

Fig. 2. Termite bioassays. A) Planar arena filled with sand; 50 termites, 30d after introduction, tunneled through
the substrate and can feed on the absorbent pad made of cellulose. Observation of behavior and mortality is perfect
throughout the duration of the experiment with minimal disturbance. B) Petri dishes with no sand; 50 termites can
feed on the absorbent pad. Observation of behavior and mortality is difficult after 3d and major disturbance is nec-

essary to accurately count and observe the termites.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 08 May 2024
Terms of Use: https://bioone.org/terms-of-use



Chouvenc et al.: Planar Arena Assay for Subterranean Termites

Fig. 3. Buried cadaver (arrow) of Coptotermes formo-
sanus, with sporulating saprophytic fungus Aspergillus
nomius, isolated from the rest of the termite group.

periment. After 30 d, some of the tunnel walls
started to show the accumulation of termite fecal
material on the lateral sand particles of the tunnel
wall. At all times during the experiment, all live
termites were visible and at 60 d all surviving ter-
mites appeared to be healthy.

Termites kept in the Petri dishes partially con-
sumed the cellulose absorbent pad. A part of the
chewed material was not fed upon, but deposited
as “paper pellets” on the edges and the lid of the
Petri dishes (Fig. 2b). As a result, visibility inside
the Petri dishes was obscured. In order to accu-
rately observe and count the number of live ter-
mites, the Petri dish had to be opened by remov-
ing the Parafilm seal to scrape off the deposited
particles. Such disturbances were done multiple
times (up to 3 times within 60 d) for some of the
replicates. Dead termites were mainly cannibal-
ized, but in the case of sudden accumulation of
dead termites, the cadavers were piled at the
edge. In some of the Petri dishes, a red stain ap-
peared on the surface of the absorbent pad after
20 d. The red color was identified as the bacte-
rium, Serratia marcescens Bizio, that colonized
the humid absorbent pad. At 60 d in 2 of 18 Petri
dishes all 50 termites were dead and most surviv-
ing termites in the other Petri dishes were slow
and sluggish.

Termites Survivorship

After 60 d, termites kept in groups in the pla-
nar arenas had a better survival rate than the
termites kept in groups in the Petri dishes
(Fig. 4). The groups of termites in the Petri
dishes had 1.89 x the hazard ratio of death of the
groups kept in arenas (n = 1,800; Wald statistic =
46.7,df = 1, P < 0.001). The course of mortality in
the arenas showed a uniformly gradual slope dur-
ing the 60 d, with no sudden mortality peaks, as

821
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Fig. 4. Survival of Coptotermes formosanus in planar
arenas and Petri dishes for 60 d. Groups of 50 termites
in the arenas had higher survivorship than the groups
in Petri dishes. Cox proportional regression (n= 1,800;
Wald statistic = 46.7, df = 1, P < 0.001)

not more than 2 termites died within a given day
in a single arena. Conversely in the Petri dishes,
a mortality peak was observed as up to 15 ter-
mites died within a day (15 d) in a single Petri
dish.

Independent of the environmental assay, the
overall survivorship of the termites differed sig-
nificantly according to their colony of origin as the
hazard ratios of death of two of the colonies were
1.98 x and 2.08 x that of the colony with the high-
est survivorship (Cox proportional-hazard regres-
sion, pairwise comparison among colonies, P <
0.001). The two colonies with the lowest survivor-
ship had no difference in their hazard ratio of
death (pairwise comparison, Wald statistic = 0.13,
df=1,P =0.72).

DIScUSSION

The use of planar arenas for laboratory study
of subterranean termites provides several advan-
tages over Petri dishes (Table 1). Although it was
thought that Petri dishes could allow good obser-
vation, our experiment showed that some groups
of termite covered the inside of the dishes with fe-
cal and paper pellets, which hindered visibility of
the insides of the dishes. In comparison, the nar-
row gap between top and bottom sheets in the pla-
nar arenas did not elicit deposition of sand or fe-
cal particles on the Plexiglas. Perhaps the lack of
deposition resulted from a response to specific
spacing similar to the “bee space,” wherein honey-
bees do not deposit wax or propolis when pre-
sented with a limited distance between hive com-
ponents (Langstroth 1853). If generally true,
making use of “termite space” ensures that direct
visual monitoring of termite survival, and de-
tailed behaviors of the insects (Whitman & For-
schler 2007; Chouvenc et al. 2008; Bardunias &
Su 2009; Li & Su 2009; Li et al. 2010) can be con-
ducted at all times without the need to disturb
the arena in the manner that was needed for Petri
dishes.
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For microscopic photography, the limited
depth of field is always problematic. Since a pla-
nar arena restricts termites to a narrower space
than a Petri dish, termite behavior can be ob-
served and recorded easily. Planar arenas con-
sisted of smooth Plexiglas, which is also prefera-
ble for filming compared to the irregular surface
of a glass Petri dish. In a planar arena, Li & Su
(2009) were able to film the movement of each
mouthpart through a microscope, and in this way
they elucidated the function of each mouth ap-
pendage in sand displacement.

The planar arenas allowed termites to forage
and establish a tunnel system that is characteris-
tic of their biology. Although it was argued that
the use of jars can provide more “realistic” tunnel-
ing behavior than planar arenas because of the
introduction of a third dimension, it was shown
that the tunneling patterns and geometry were
similar in both assays (Bardunias & Su 2005).
The depth of the three-dimensional jar setup is
less important than the lateral distance and the
length of the path traveled by termites (Bardun-
ias & Su 2005). Therefore, the planar arena offers
a good compromise between jars and Petri dishes,
as it provides both good visibility and tunneling
substrates.

Within both natural tunnels and passages ex-
cavated within planar arenas, termite move-
ments are limited to specific paths, while in the
open space of a Petri dish movement in any direc-
tion is unhindered. This has a significant implica-
tion for the laboratory bioassays with toxicants.
The encounter patterns between individuals and
the rates of contact within tunnels may differ
from those in open space, which could lead to dis-
parate rates and patterns of toxicant transmis-
sion. An advantage in using planar arenas is that
it can simulate any remedial measure applied
commercially where the toxicant is delivered via
termite foraging tunnels. The effect of exposure to
the tunnel wall environment and the ability of the
toxicant to be moved through tunnels is thus a
crucial component in colony elimination; and the
results of a study performed in a planar arena
with a soil component can predict the efficacy of a
product in field trials (Su 2005b). Foraging dis-
tance is one of the critical aspects of termite biol-
ogy that was commonly ignored in laboratory bio-
assays and remains a major characteristic to take
into account when testing the effect of pesticides
on field colonies (Su 2005b). Bioassays using Petri
dishes can only provide information about direct
toxicity, usually in a non-choice situation, while in
the natural environment termite colonies can
spread underground up to 100 m (King & Spink
1969). Individual arenas can provide longer dis-
tance of tunneling than jars or Petri dishes, de-
pending on their size (Su & Puche 2003; Chou-
venc et al. 2008; Bardunias and Su 2009; Li et al.
2010), and if connected with each other with
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transparent tubing, it is possible to simulate ter-
mite tunnels of 50 m for large groups of termites
(Su 2005b) and even longer distances (e.g., 135 m,
Su, unpublished), still with the possibility to ob-
serve all individuals in the arenas at all times.

While Lenz (2009) stressed the importance of
taking into account all characteristics of the ter-
mite biology that can influence the vigor of ter-
mites when using a laboratory assay, we assert
here that the microbial community naturally as-
sociated with termites (Husseneder et al. 2009)
and their tunnel system (Chouvenc et al. 2011a),
also have been ignored in most bioassays. An ex-
tensive survey of the work accomplished in the
field of termite biological control (Chouvenc et al.
2011b) showed that 90% of all laboratory bioas-
says that tested a pathogenic agent against
groups of termites was done in Petri dishes or
equivalent, which did not take into account the
complex biology of subterranean termites nor the
potential interaction between commonly associ-
ated microorganisms and the pathogen. In the
current study, the colonization of the cellulose pad
by S. marcescens, a known termite pathogen,
which occurred in the Petri dishes but not in the
arenas, suggests that the sand and the rich micro-
bial community associated with the tunnel sys-
tem (Chouvenc et al. 2011a) provides termites
with a buffering environment against outbreaks
of opportunistic parasitic or pathogenic organ-
isms (Hughes et al. 2008; Cremer & Sixt 2009). In
addition, the possibility for termites to bury ca-
davers in the soil particles of the planar arenas,
allowed the group of termites to be physically sep-
arated from the cadaver, and prevented the
spread of potentially harmful microorganisms
(Chouvenc & Su 2010). The fact that no mortality
peak was observed in the arenas but occurred sev-
eral times in the Petri dishes supports the idea
that a social insect nest represents a “homeostatic
fortress” against adverse situations (Hughes et
al. 2008). As mentioned previously, the termite
tunnel system should be considered as part of the
extended phenotype of the colony (Dawkins
2004), and should be taken into account when
running all types of bioassays that use groups of
subterranean termites.

Another limiting factor about the biological
relevancy of a bioassay is the survival of termites
throughout the duration of the experiments in
challenged and wunchallenged control groups
(Lenz 2009). Our results demonstrated that ter-
mite groups kept in planar arenas had better sur-
vival and vigor (Arquette et al. 2006) than the
groups kept in Petri dishes for 60 d. Petri dish bio-
assays probably imposed a stress on the groups of
termites and did not facilitate satisfactory sur-
vival and vigor of the termites, while the planar
arenas imposed a stress with lesser impact on ter-
mite survivorship and vigor. It is known that
stressed organisms may display a compromised
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immune system (Anderson & May 1981; Rolff &
Siva-Jothy 2003), and it is possible that the ter-
mite mortality observed in the Petri dishes is par-
tially due to such stress. However, the vigor of the
termites also depends on factors operating prior
to and during the bioassay (Lenz 1986, 2009). The
colony origin, the age of the colony, and the time
spent in groups in the laboratory prior to the ex-
periment are factors that have to be taken into
consideration (Becker 1969; Lenz 2009). The
physical characteristics of the environment, such
as relative humidity, access to water, temperature
and food source that would allow optimal sur-
vival, must meet the requirements for each ter-
mite species (Becker 1978; Lenz et al. 1984; Lenz
et al. 1987). Several studies demonstrated that
the larger the size of the tested group, the better
the vigor (Lenz & William 1980; Lenz et al. 1984;
Lenz 1985); and, thus, results of experiment with
small groups of termites should be interpreted
cautiously.

Termites within the same colony often share
physiological states, including nutrition, alarm,
and stress level, in a manner that a similar group
of non-social insects does not. There are unpre-
dictable variations between colonies in coping
with imposed stress, such as the exposure to un-
favorable conditions (Carter et al. 1972; Lenz &
Dai 1985; Rosengaus & Traniello 2001). Because
of this, the response of termites from any single
colony to a bioassay may not be representative of
the wider population. Sampling from multiple
colonies can mitigate, or at least uncover, unex-
pected variance between colonies for response to a
bioassay (Carter et al. 1972; Lenz 1985; Su et al.
1985). Our results confirmed previous conclu-
sions that a minimum of 3 colony sources should
be used in making bioassays (Haverty 1979; Su &
La Fage 1984).

Planar arenas can provide advantages for the
study of subterranean termites compared to Petri
dishes or jars, but there are some drawbacks that
should be taken into consideration. Glass or plas-
tic Petri dishes are readily available in different
shapes and sizes from commercial providers for a
relatively low price, and preparing or reusing an
experimental unit for the bioassay is easy. In com-
parison, the planar arenas are usually custom-
built, and the assembly of all individual pieces
into the complete experimental unit requires
some level of expertise. The fact that each individ-
ual arena has to be custom-made can be a limiting
factor for laboratories that do not have the man-
power or expertise to make such a device. In addi-
tion, the time to prepare a ready-to-use arena for
the introduction of termites is longer than that of
Petri dishes, mainly because of the meticulous
care that must be exercised when introducing the
sand particles, and when cleaning the unit before
its reuse. Despite these requirements, we assert
here that the additional effort to create and ser-
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vice such device, which is indispensable for pro-
viding an appropriate environment for termites,
and thus for obtaining high quality data with
high biological relevancy is decisively a worth-
while. In addition, where some would consider
the “custom made” aspect as a negative, we would
argue that customization allows a wide range of
possibilities in designing an experiment that is
capable of providing the reliable data needed to
answer a specific biological, toxicological or eco-
logical question (Whitman & Forschler 2007; Bar-
dunias & Su 2009, 2010).

To conclude, the use of planar arenas in the
recent literature has significantly enhanced un-
derstanding of multiple aspects of subterra-
nean termite biology, which could not have been
achieved with other devices. We suggest that,
except for some specific short-term studies, the
use of Petri dishes should be restricted to pre-
liminary or prescreening studies, and that au-
thors should refrain from drawing conclusions
about biological significance from these simplis-
tic reductionist bioassays, that may yield se-
verely distorted depictions of biological phe-
nomena. The increased biological relevance of
information obtained from assays conducted
with planar areas greatly outweighs the addi-
tional effort and cost required to use them, and
we strongly advise their use for the study of
subterranean termites.
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