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ABSTRACT Laboratory groups of the Formosan subterranean termite, Coptotermes for-
mosanus Shiraki, had ca. 2% soldier proportions under starvation conditions and ca. 11%
when food was provided, regardless of initial soldier proportions. In the absence of food,
soldiers were starved or cannibalized before workers were sacrificed. Data suggest that
soldiers may represent an emergency food ration for colony survival under starvation con-

ditions.

THE SOLDIER / WORKER RATIO of termites is thought
to be a species-specific characteristic of the mature
colony (Haverty 1977, 1979, Oster and Wilson
1978). A summary of solder/worker ratios for 112
species (Haverty 1977) revealed mean soldier pro-
portions that varied from 0% (Anoplotermes spp.,
Skatitermes spp., and Speculitermes spp.) to 41.8%
(Tenuirostritermes tenuirostris [Desneux]). Con-
siderable intraspecific variation was evident with
some species exhibiting dramatic variation (e.g.,
the Formosan subterranean termite, Coptotermes
formosanus Shiraki [5-60% soldiers]).

Caste regulation in the lower termites is consid-
ered most often in light of inhibitory pheromones
(Castle 1934, Light 1943, 1944, Lischer 1961).
Miller (1969), however, recognized three possible
levels of developmental control: environmental
(acting on the entire colony); social (among indi-
viduals by pheromones); and individual (by the
effects of hormones). Although some information
has accumulated on the effects of hormones on
development (Yin and Gillott 1975, Liischer 1976),
little is known about environmental effects (Oster
and Wilson 1978).

Termite-caste proportions vary with season and
colony age (Miller 1942, Grassé and Noirot 1957,
Nakajima et al. 1964, Haverty and Howard 1981).
Buchli (1958) documented the effects of nutrition
on caste differentiation in Reticulitermes lucifu-
gus Rossi by showing that a nutritionally inade-

.quate food supply suppressed the formation of sol-

diers and neotenics in laboratory colonies. Smythe
and Mauldin (1972) reported that completely de-
faunated C. formosanus produced fewer soldiers
than completely faunated or partially defaunated
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groups. Lenz (1976) found that food quality af-
fected soldier production in groups exposed to ju-
venile hormone analogs. Collectively, these results
suggest that food availability and quality may be
important factors for regulating soldier propor-
tions. This study examined the hypothesis that food
availability affects the survival and production of
soldiers in laboratory groups of C. formosanus.

Materials and Methods

A colony of C. formosanus was collected in a
cypress (Taxodium distichum [L.] Rich.) snag near
Lake Charles, La., and held at 22-24°C in a 246-
liter can for ca. 12 months before testing. Based
on criteria established by Su and La Fage (1984a,b),
the colony was characterized before testing as vig-
orous, with a wood-consumption rate for labora-
tory groups (130 workers and 20 soldiers) of ca. 60
mg/g/day and a mean worker weight of 2.5 mg.
The effects of starvation on survival and soldier
proportion were tested in the laboratory using ter-
mites extracted from the source colony according
to the method described by La Fage et al. (1983).
Experimental groups with three different caste
compositions were observed while starving or
feeding.

The first set of treatments (WS) was established
with 300 termites per group and a soldier propor-
tion equal to that observed in the source colony
(15% soldiers; 255 workers and 45 soldiers, [un-
published data]). In the second treatments (W),
soldiers were omitted so that experimental units
contained only 255 workers. In the third set (S),
only 45 soldiers were present. Because each of the
three group types was tested under starvation (WS/
S, W/S, and §/8) and feeding (WS/F, W/F, and
S/F) conditions, there was a total of six possible
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Fig- 1. Numbers of surviving soldiers and workers

during the 40-day test period. W1, S1, starved group
containing 15% soldiers initially; W2, S2, fed group con-
taining 15% soldiers initially; W3, starved group con-
taining no soldiers initially; W4, fed group containing
no soldiers initially; S5, starved group containing no
workers; $6, fed group containing no workers.
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treatment combinations. Each one was replicated
three times to yield 18 experimental units.

Two types of testing chambers were used. The
first, in which termites were starved, consisted of
a glass petri dish (9.0 em i.d. by 2.0 cm high)
provisioned with two moistened filter-paper disks
(Whatman No. 1; 9 em diam). A stainless-steel
screen disk (60 mesh), placed directly on top of
the filter paper, prevented termites from feeding
on the filter paper but allowed for the mainte-
nance of a high-humidity environment. The sec-
ond chamber was identical to the first except that
it lacked the stainless-steel screen barrier and, thus,
allowed termites access to the moistened filter pa-
per. The experiment was conducted in a biocli-
matic chamber at 29 + 1°C in total darkness, ex-
cept during observations.

The term ‘worker’ is used here to designate ex-
ternally undifferentiated larvae of at least the third
instar. ‘Soldiers’ and ‘presoldiers’ are defined ac-
cording to Miller (1969).

Observations on survival and soldier proportions
among the test groups were made at 2-day inter-
vals for 40 days with records kept on the numbers
of live, dead, and cannibalized termites according
to caste. When appendages or body parts of par-
tially cannibalized termites were still moving, in-
dividuals were classified as cannibalized while alive,
Dead and cannibalized individuals were removed
at each inspection and counts of remaining live
termites were made from photographic transpar-
encies (Kodachrome ISO 64) projected against a
screen. The soldier proportion was defined as the
number of soldiers and presoldiers divided by the
total number of termites present at the inspection.
Observations were also made on the numbers of
new presoldiers and adult soldiers produced dur-
ing the 40-day experiment by recording the dif-
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Fig. 2.

Numbers of workers and soldiers cannibalized every 2 days. W1, S1, starved group containing 15%

soldiers initially; W2, 52, fed group containing 15% soldiers initially; W3, $3, starved group containing no soldiers
initially; W4, S4, fed group containing no soldiers initially.
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Fig. 3. Cumulative numbers of presoldiers and new
soldiers in starved and fed groups. @, groups containing
15% soldiers initially. O, groups containing no soldiers
initially.

ferences in total numbers of these soldiers (includ-
ing numbers of cannibalized or dead soldiers)
present between two succeeding observations.
Means of three replicates and standard errors were
presented.

Results and Discussion

Changes in numbers of soldiers and workers
during the 40-day experiment are shown in Fig.
1. Treatments with isolated soldiers (S/S and S/F)
had nearly total mortality after only 10 days, re-
gardless of the availability of food (Fig. 1, S5 and
S6). The similar performance of starved soldiers
and those with access to filter-paper food provided
in these treatments confirmed the widely held view
that soldiers cannot feed themselves (McMahan
1963). The soldier mortality rate during these same
10 days in groups containing starved workers and
soldiers (WS/S) (Fig. 1, S1) was even greater than
in groups of $/5 or $/F (Fig. 1, S5 and S6). This
is explained by the high level of soldier cannibal-
ism by starving workers (Fig. 2, S1). Cannibalism
was so intense during this period that many sol-
diers were eaten alive (Fig. 2, S1). Worker mor-
tality among WS/S groups during the same 10
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Fig. 4. Soldier proportions (including presoldiers)

observed in starved and fed groups of C. formosanus.
@, groups containing 15% soldiers initially. O, groups
containing no soldiers initially.

days (Fig. 1, W1) was low, suggesting that starving
workers relied on soldiers plus their own metabolic
stores in the absence of adequate cellulosic food
supplies. The worker mortality rate began to ac-
celerate after 10 days when soldier supplies had
become exhausted (Fig. 1, W1). With the soldier
population depleted, workers began to cannibalize
their own numbers (Fig. 2, W1). Some workers
were eaten alive during the next 16 days with can-
nibalism of dead bodies continuing and increasing
until the experiment was terminated at 40 days.
Worker mortality was lowest in fed groups con-
taining both castes (Fig. 1, W2) and highest when
similar groups were starved (Fig. 1, W1). As ex-
pected, worker and soldier cannibalism were low-
est in the WS/F groups (Fig. 2, W2 and 52). Work-
er mortality and cannibalism during the first 10
days were low in all groups (Fig. 1 and 2). It is
interesting to note that few workers were canni-
balized alive in W/S, whereas more were eaten
alive when starved in the company of soldiers (Fig.
2, W1 and W3).

Cumulative presoldier and soldier production in
treatments initially containing workers (W and WS)
is shown in Fig. 3. The first presoldiers were noted
after 16 days in W/S groups and appeared in W/F



March 1986

and WS/S units at 20 days. The last groups to
produce presoldiers were the WS/F, in which they
were recorded at 22 days. If the initiation of pre-
soldier production is closely related to the avail-
ability of food, one would expect to see the first
individuals among the fed treatments. This was
not the case. It is possible that other factors, per-
haps pheromonal in nature, were important in ini-
tiating soldier production. However, the produc-
tion of additional soldiers is probably regulated by
foed availability. Soldiers were formed in all treat-
ments and in all units regardless of food availabil-
ity. The greatest number appeared in W/F treat-
ments as expected (Fig. 3). Likewise, the lowest
number was observed in WS/F, where high sol-
dier numbers were maintained throughout the 40-
day experiment (Fig. 1, S1) and additional indi-
viduals were not needed to maintain a soldier/
worker ratio similar to that of the source colony.

Changes in the soldier proportion of fed and
starved treatments during the 40-day experiment
are shown in Fig. 4. In the fed groups, the soldier
proportions in W and WS groups converged at 40
days at ca. 11%. This is less than that in the source
colony (15%), but understandable, as the nutrition-
al quality of filter paper with its minimal nitrogen
content is lower than the nitrogen content in wood
(La Fage 1976). In the starved treatments, con-
vergence was also attained, but at a substantially
lower level, ca. 2%.

Haverty (1979) reported that soldier proportions
in C. formosanus groups initially containing 0-
70% soldiers converge at 20-40% after 12 weeks
when adequate food is available. He suggests,
moreover, that 12 weeks is an insufficient time pe-
riod for soldier populations to equilibrate and con-
cludes that, in moderate-sized laboratory groups,
the average soldier proportion is slightly >25%. In
addition, he found that initial group size affected
soldier production and smaller groups (100) pro-
duced fewer soldiers than larger groups (300, 500,
or 1,000). Also, a colony maintained in the labo-
ratory for 8 years produced more soldiers than
colonies recently collected. C. formosanus prob-
ably maintains a range of soldier/worker ratios
under normal conditions as reported by Haverty
(1979). The results of this study suggest that food
availability is one of the factors responsible for the
fluctuation of soldier proportions. Other environ-
mental factors such as predation, inter- or intra-
specific competition may also alter soldier /worker
ratios. Under circumstances where food is in short
supply, a colony may alter its caste composition to
adjust to environmental stress. In an extreme con-
dition of starvation, as shown in this study, soldiers
may serve as the emergency ration for workers.
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