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Short Communication

Lack of Agonism in an Insular Caribbean Termite,
Nasutitermes acajutlae
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INTRODUCTION

The theory of kin selection predicts that social animals should be able to
discriminate between kin and nonkin as well as among various levels of
relatedness (Hamilton, 1964). Among eusocial insects, kin recognition is im-
portant in maintaining colony integrity (Fletcher and Michener, 1987). In
addition, it can allow individuals to discriminate levels of relatedness among
nestmates. The ability to recognize kin has been found in a variety of social
insects, including bees, ants, wasps, and termites (e.g., Fletcher and Michener,
1987; Clément and Bagnéres, 1998).

Laboratory assays of agonism in small arenas are frequently used as an
indicator of kin-recognition among social insects (Vander Meer et al., 1998)
including many species of higher (Family Termitidae) and lower (all other ter-
mite families) termites (reviewed by Thorne and Haverty, 1991; Shelton and
Grace, 1996; Clément and Bagnéres, 1998). Most termites examined show
pronounced aggression, including chasing, insertion of mandibles, and biting
by soldiers and workers (Thorne, 1982; Binder, 1988; Su and Haverty, 1991;
Thorne and Haverty, 1991; Shelton and Grace, 1996; Clément and Bagnéres,
1998). Agonism can result in immediate death or removal of appendages
such as antennae and legs (Clément, 1986). Levels of agonism can vary
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among species (Thorne and Haverty, 1991), among colonies (e.g., Levings and
Adams, 1984; Jmhasly and Leuthold, 1999a), and by season (Clément, 1986).
However, only a few populations of lower termites have shown a complete
lack of agonism toward nonnestmates (e.g., Coptotermes formosanus: Su and
Haverty, 1991; Reticulitermes flavipes: Grace, 1996; Bulmer and Traniello,
2002). The higher termites tested thus far have all shown some ability to dis-
criminate nestmates from nonnestmates; most members of the genus Nasu-
titermes show high levels of aggression (Thorne and Haverty, 1991; LePonce
et al., 1996).

In this study, we examined both behavior and survival to test the hy-
pothesis that a Caribbean higher termite, N. acajutlae recognizes nestmates.
Studies on the mechanism of nestmate recognition suggest that both envi-
ronmental (e.g., Matsuura, 2001) and genetic (Adams, 1991; Haverty et al.,
1999; Husseneder and Grace, 2001) factors play a role. Thus, we predicted
that, if recognition occurs in N. acajutlae, it would increase with geographic
distance from focal nests because differences in both environmental factors
and genetic structure should increase with distance.

MATERIALS AND METHODS

This study took place on the island of St. John, US Virgin Islands. St.
John is a small (49.2 km?), steep (max. elevation of 370 m) island, of which
2/3 is in the Virgin Islands National Park. Nasutitermes acajutlae nests occur
in all areas of the island, and in a variety of habitats including mangrove,
wetlands, sparse vegetation, and moist and dry forests (habitats described by
Gibney et al., 2000).

Termites used in this study were collected from nests in four geographic
areas of St. John: the east end, the north shore, the south side, and the in-
terior of the island (Fig. 1). Trials were conducted in July of 2001 and 2002.
In 2001, agonistic behavior and survival rates for a focal nest were com-
pared by pairing termites from the focal nest with termites belonging to
four nests: (1) their own nest (Self = control), (2) with termites from the
same geographic area, but that were from a neighboring nest, thus were as-
sumed to interact in the field (NN = presumably familiar and known to be
nearest neighbors in all but two cases), (3) with termites from the same geo-
graphic area but separated by at least two nests, thus we assumed that they
did not interact in the field (WA = unfamiliar, but presumable similar in
terms of diet and genetics), and (4) with termites from a different geographic
area (DA = unfamiliar and presumably different with respect to diet and
genetics).
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Fig. 1. Map of St. John, US Virgin Islands. Collection areas and the number
of colonies used in behavioral trials from each area in 2001 and 2002 are
indicated.

We conducted 54 trials in 2001 with 18 focal colonies and an additional
47 colonies in NN, WA, and DA treatments. In 2002, we tested the possi-
bility that our original arenas were too small to induce agonism (see Polizzi
and Forschler, 1998), thus used a similar design to that in 2001 but the trials
were conducted in larger arenas (see below). We used a subset of the original
colonies: we excluded the WA treatment, used nine focal colonies and an ad-
ditional nine colonies in the NN (all known to be nearest neighbors) and DA
treatments. All encounters in both years were between unique combinations
of colonies and no individual termite was used more than once. Distances be-
tween nests were measured using a tape measure or GIS coordinates. Range
of distance between colonies is shown in Table 1.

Termites were collected between 14:00 and 16:00 hours by opening 20 cm
of foraging galleries 1-2 m below nest cartons and brushing emerging termites
into plastic containers. Termites were sorted by colony immediately before
behavioral trials; trials were conducted from 19:00 to 22:00 hours. At sorting,
five workers and five soldiers from a colony were placed together in a 6-cm
(2001) or 10-cm (2002) Petri dish. We chose a 1:1 caste ratio because both
workers and soldiers participate in defense and actual ratios vary widely
(personal observation, see also Thorne, 1982). Once all termites from a focal
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Table L. The Range of Distances Between Nests, Mean Alarm Behavior (Jittering), and
Survival Exhibited by Workers and Soldiers of N. acajutlae

Self (control) Neighboring nest Within area Different area

2001 (N = 18, each treatment)

Range of distances 0 5.5-87 40.7-782 1302-3885

Worker jittering” 3.67+0.76 3.22+1.03 4174096 4.44+41.02
Soldier jittering 10.00 + 1.71 11.17+1.50 12.61+1.73 10.72+1.62
Worker survival® 9.83 +0.09 9.72+0.13 9.56+0.20 9.94+0.06
Soldier survival 9.67+40.17 9.83+0.09 9.89+0.08  9.83 +0.09

2002 (N =9, each treatment)

Range of distances 0 9.2-67 N/a 741-2936

Worker jittering 2.56 4+ 0.69 34+1.76 N/a 2.78+1.40
Soldier jittering 4.89+1.22 7.56 4+ 2.65 N/a 4.56 4 0.93
Worker survival 9.78 4 0.15 9.8940.11 N/a 9.78 4 0.15
Soldier survival 9.78 4+ 0.15 9.89+0.11 N/a 9.444+0.24

“4Jittering is the mean (+SE) number exhibited by all workers or all soldiers per trial.
bSurvival represents the mean (+SE) number of workers or soldiers alive out of 10, after a
10-12 h observation period.

nest and its comparison nests were sorted into dishes, trials for that focal
group were conducted.

To start trials, one author put the contents of two Petri dishes into a
third dish (6 cm in 2001; 10 cm in 2002) that was lined by moistened absorbent
paper. A naive observer recorded agonistic behaviors of workers and soldiers
every 15 s for 5 min. After the observation period, Petri dishes were placed
in a lidded plastic container and left 10-12 h. At the end of this period, the
number of active and apparently healthy, moribund, and dead termites was
recorded. Dead and moribund termites were pooled for statistical analysis.

Statistical Analysis

The only alarm or agonistic behavior observed in any trials was jittering
(sensu Traniello and Beshers, 1985). The total number of times animals were
observed jittering in 5 min was summed for each comparison (Self, NN, WA,
DA) for each focal nest to obtain total jittering per trial. Means and standard
errors for each treatment were calculated using total jitters per trial. Total
jittering among Self, NN, WA, and DA were compared using a repeated
measures ANOVA. This analysis allowed us to compare all trials in which a
focal nest was involved, thus taking nest differences into account. We used
paired t-tests between the focal nest and other nests as a post hoc test if
the ANOVA resulted in significant differences. Separate analyses were pet-
formed on workers and soldiers. We also summed all jittering performed by
workers and by soldiers across all treatments from each colony. We compared
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the total number of behaviors performed by workers and soldiers by paired
t-test, pairing within nests. Analyses for survival were as above for jittering
except that we used the total number of healthy animals after 10-12 h.

RESULTS
Jittering

There were no significant differences among treatments in the number
of times workers or soldiers jittered among treatments in 2001 (workers:
F = 0.386; df = 3, 51; P = 0.8; soldiers: F = 0.644, df = 3,51, P = 0.6)
or 2002 (workers: F = 0.023, df = 2,16, P = 0.98; soldiers: F = 0.841,
df = 2,16, P = 0.45) (Table I). However, the soldiers jittered significantly
more often than workers in both years (2001: paired ¢-test = 7.82, df = 17,
P < 0.001; 2002: paired ¢-test = 2.296, df = 8, P = 0.05; Fig. 2A).

Survival

In 2001, survival ranged between 70 and 100% and there were no dif-
ferences across treatment groups for either workers or soldiers (workers:
F = 1.46,df = 3,51, P = 0.23; soldiers: F = 0.739, df = 3,51, P = 0.5;
Table I). There was too little variation among worker treatments in 2002 to
run a statistical analysis (Table I). Although there were significant differences
in overall soldier survival in 2002 (F = 4.522, P = 0.028), soldiers in the DA
treatment did not differ significantly from the Self treatment (paired ¢-test =
2.0, P = 0.081) (Table I). There were no differences between worker and
soldier survival in either year (2001: paired ¢-test = 0.489, df = 17, P = 0.63;
2002: paired ¢-test = 0.667, df = 8, P = 0.5; Fig. 2B).

DISCUSSION

We found no evidence of agonism among colonies of N. acajutlae from
St. John. We never observed chasing or biting by either caste or spraying of
defensive compounds by soldiers. The only alarm behavior we observed was
jittering. Although soldiers jittered more often than workers in both years
of our study, there were no differences in the number of jitters observed
among control and treatment categories. Thus, N. acajutlae increased alarm
behavior in response to being placed in Petri dishes rather than to the pres-
ence of nonnestmates. We only found significant differences in survival in
one caste in 1 year of the study: the overall ANOVA for soldiers in 2002 was
significant. However, the difference does not seem to be related to agonism:
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Fig. 2. Total jittering (A) and percent survival (B) for all workers and all soldiers, summed
across treatments each year. Soldiers jittered significantly more often than workers in both
years. There were no significant differences in survival between workers and soldiers in
either year. N = 18 focal nests in 2001; N = 9 focal nests in 2002. * = P < 0.05.

survival of DA soldiers was not significantly lower than controls and we never
observed any wounded termites. Finally, it is possible that termites from the
two different colonies in each Petri dish separated themselves spatially, thus
avoiding encounters (sensu Bulmer and Traniello, 2002). While we did not
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measure spacing, we did observe that all termites were found together in a
clump after 10-12 h, with no apparent grouping.

All other higher termites examined thus far have been found to discrimi-
nate between nestmates and nonnestmates. Most species, especially nasutes,
exhibit high levels of aggression, often resulting in death and dismember-
ment (Thorne and Havery, 1991; LePonce et al., 1996; Jmhasly and Leuthold,
1999b; Kaib et al., 2002). Macrotermes bellicosus did not exhibit aggression
but did show differences in examination behaviors between nestmates and
nonnestmates (Jmhasly and Leuthold, 1999b), thus demonstrating an abil-
ity to discriminate. Many of these studies used assays very similar to ours.
Thus, the observed behavioral responses of N. acajutlae to conspecifics on St.
John seem to be highly unusual among higher termites. It is currently unclear
whether all N. acajutlae show low aggression, or whether this phenomenon
is specific to St. John and/or other small islands.

Lower termites also discriminate between nestmates and nonnestmates
in most studies (Thorne and Haverty, 1991; Shelton and Grace, 1996; Getty
et al.,2000). However, exceptions include reduced aggression in Reticuliter-
mes during the non-swarming season (Clément, 1986) or when merging of
colonies could benefit both colonies (Matsuura and Nishida, 2001). Neither
of these mechanisms seems likely in our study. Late summer is the swarm-
ing season for N. acajutlae on St. John and 85 and 89% of trials in 2001 and
2002, respectively, involved colonies that had nymphs or alates at the time
of testing (determined by sampling the nest carton with a 2.5-cm diameter
soil corer). Colony merging may be a rare event in N. acajutlae because they
build foraging trails to new food sources, rather than move the entire colony
to a new (perhaps occupied) site. Colonies probably move when a nest is de-
stroyed or severely damaged (Thorne and Haverty, 2000), but this seems to
be a rare occurrence (CAF, personal observation of > 200 marked colonies
in 4 years).

Lack of recognition could be due to a lack of cues. If cues are primar-
ily environmental (e.g., food source: Shelton and Grace, 1997; or intestinal
bacteria: Matsuura, 2001), colonies with similar environments should give
off similar cues. However, our test colonies came from four geographic areas
separated by > 700 m. Moreover, each area consisted of different habi-
tats and, generally, different tree species within habitats. Therefore, it seems
likely that colony-specific odors should differ enough for recognition to be
possible. If cues are primarily genetically based, the ability to discriminate
should be correlated with the diversity of genetically determined cues (e.g.,
Su and Haverty, 1991; Grace, 1996; Haverty et al., 1999). Lack of recogni-
tion in some introduced social insects has been attributed to genetic bottle-
necks during introduction (e.g., Su and Haverty, 1991; Tsutsai et al., 2000).
Harris (2002) showed that colonies can be differentiated genetically, but
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that between-colony variability in N. acajutlae on St. John only accounted
for 8% of the total population variability, while the other 92% was from
within colonies. Thus, there may not be enough genetic variability among
populations on St. John for discrimination to occur. Although N. acajutlae
is probably native to our study sites, it may have undergone successive ge-
netic bottlenecks during its colonization of the Caribbean islands (Thorne
et al., 1994); tropical storms and hurricanes could also produce bottlenecks
if most colonies subsequently die and recolonization is by survivors. On the
other hand, storms could actually facilitate gene flow and increase genetic
homogeneity (e.g., Calsbeek and Smith, 2003).

Alternatively, N. acajutlae may discriminate between nestmates and
nonnestmates without exhibiting aggression or alarm. Lack of aggression
could benefit colonies under certain circumstances. Kaib ez al., (2002) showed
a neighbor-stranger effect in which neighbors exhibited less aggression to-
ward each other than nonneighboring colonies. However, because neighbor-
ing colonies in our study were no more or less aggressive toward each other
nonneighboring colonies, low aggression in N. acajutlae does not seem to fit
the “dear-enemy” hypothesis (Temeles, 1994). Agonistic behaviors may not
result in significant net gain when resources are abundant (Holway et al.,
1998). The volume of available dead wood on St. John was approximately
10-fold greater (Jeyasingh and Fuller, in press) than that reported by Eggle-
ton et al., (1996) from southern Cameroon. Although hurricanes and tropical
storms may damage nests, they may also provide a constant source of food
on St. John, thus N. acajutlae may benefit by avoiding conflict and investing
more energy in foraging.
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