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1. Introduction 

Worker termites maintain the homeostatic regulation and self stability 
of a colony (A. E. EMERSON, 1956, 1962); therefore, it is generally assumed 
that the worker component of a colony remains in a relatively stable 
state. Indeed, if workers are isolated from a colony and maintained at 
uniform conditions, they tend to have reproducible survival and behav
ior. However, considerable fluctuation in behavior and vigor of Reticuli
termes workers has been noted in natural colonies (G. R. ESENTHER, 
1969) and even in laboratory groups (G. BECKER, 1973). Moreover, the 
caste-instar frequencies in a colony are in a continuous state of flux be
cause of reproduction, growth, differentiation, and mortality cycles 
(G. R. ESENTHER, 1969). Nevertheless, to my knowledge, no one has 
tested the “worker stability hypothesis". 

The purpose of this study was to measure the magnitude of fluc
tuation in the physiological condition of workers relative to cyclic 
changes in the caste composition of a Reticulitermes colony. The results 
are presented in terms of survival, growth and differentiation. 
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2. Materials and Methods 

2.1 T e r m i t e s  

A Reticulitermes flavipes (Kollar) colony was collected at Janesville, Wis
consin (USA), July 23, 1971, and maintained in a 20-gallon metal trash can 
at ambient room temperature (20 - 25° C). 

2.2 E x p e r i m e n t a 1  p r o c e d u r e  

Beginning March 27, 1974, a sample of 800 workers (fourth instar and older 
undifferentiated forms, including pseudergates) was isolated from the colony 
at each biweekly interval for 64 weeks. Each sample was subdivided into 
eight groups of 100 workers. The groups were paired so that the average
weights of each set (paired groups) were approximately equal. Additional 
workers at each biweekly extraction were removed and stored at - 20° C 
for use as a dietary supplement. Notes on the caste forms in the colony at 
each isolation were recorded. 

Worker groups from two of the four biweekly sets were placed separately 
on about 3 cm3 water-moistened aspenwood sawdust (Populus grandidentata
Michx.; Wiley-milled with 1 mm screen, washed overnight with hot tap-
water, and oven-dried at 105° C) in a cylindrical polystyrene container 
(5.0 cm diameter, 3.5 cm height), and incubated at 25° C for eight weeks. The 
sawdust diet of one set was supplemented by the addition of five frozen 
workers thrice weekly (Monday, Wednesday, and Friday). Termites differ
entiating to soldier or apterous neotenic reproductive forms were removed 
from each group at weekly inspections to alleviate their suppressive effect on 
the growth and differentiation of the remaining termites. The termites as work
ers or pre-neotenic forms were counted and weighed before resetting them 
on fresh sawdust to continue the incubation. This procedure was repeated
with the other two sets of workers using powdered cellulose (Avicel, FMC 
Corporation, Markus Hook, Pennsylvania) rather than sawdust as the basic 
diet. 

3. Results 

3.1 I n i t i a l  c o n d i t i o n  o f  s a m p l e s  

The average initial weight of workers in the 33 biweekly samples 
fluctuated between 2.06 and 3.02 mg per worker (Table 1) as a result of 
changes in caste-instar frequencies and growth in the source colony. 
Samples 1 - 3 showed a progressive increase in worker size with small 
workers becoming rare. Two weeks later (sample 4) the previously 
largest sized workers were noticeably less abundant and several neotenic 
reproductives were seen. Stunting of all workers was very noticeable 
in the 6th sample, apparently because of the stress on workers from 
a peak period of reproduction and egg hatching. New early instar 
workers, however, did not become abundant until the 11th sample. The 
average weight of the workers remained relatively stable in the next 
four samples (12- 15) while nymphs were abundant in the colony. 
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Table 1. Average survival and growth of workersa) in biweekly samples
after 8-weeks incubations on four diets. 

Stunting of workers again occurred in the 16th sample, apparently be
cause the biweekly extraction of workers, coupled with growth of 
nymphs, became a significant stress factor. Thereafter, a prolonged 
period occurred in which a low frequency of nymphs and new young 
workers was associated with a low frequency of larger sized workers. 
New young instar workers became noticeably more abundant in the 
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27th sample while larger sizes of workers remained rare. Small to large 
worker sizes occurred in the next few samples and the small young 
workers became especially abundant again in the final two samples. 
Therefore, the biweekly fluctuation of worker sample weights reflected 
the effects of two cycles of reproduction, growth, development, and 
mortality interacting with the  stress on the colony of biweekly extrac
tion of workers. 

3.2 S u r v i v a l  a f t e r  i n c u b a t i o n  

The summary of survival data (Table 1) shows two types of physio
logical condition in the biweekly worker samples. During the two 
periods of developmental-reproductive stress (approximately in the 
3 - 6 and 18 - 24 samples) survival tended to drop below 70 percent and 
once reached complete mortality on all diets. Between the stress 
periods survival generally remained above 70 percent and that  on the 
two supplement diets tended to be 5 - 10 percent higher than on the 
two basic cellulosic diets. Although the survival was similar on the two 
basic diets, the cellulose powder diet seemed slightly inferior because 
complete mortality of worker samples on these diets occurred with five 
samples and one sample, respectively. 

The biweekly samples with low survival or  complete mortality were 
associated with microbial contamination. Termites died and were not 
cannibalized. These corpses became centers of microbial growth which 
contributed to an acceleration of termite mortality. Incomplete ingestion 
of the frozen worker dietary supplement also contributed to such con
tamination. This contamination effect was not appreciably alleviated by 
the weekly transfer of termites to fresh diets because weakened and 
diseased termites were included in the transfer. 

3.3 G r o w t h  a f t e r  i n c u b a t i o n  

The growth data (Table 1) reflect the same information on worker 
condition as mentioned for  survival data, but they give more insight 
into the relationship of condition and diets. The two basic cellulosic 
diets resulted, a t  best, in only slight growth of surviving workers during 
the period when survival tended above 70 percent (maximum 12 percent 
on the powder and 10 percent on the sawdust); therefore, these diets 
were a t  best marginal. Diets were markedly improved by the addition 
of the frozen worker supplement, with the growth clearly progressing 
to and declining from the maximum growth in a sample (62 percent on 
cellulose and 63 percent on sawdust). Only the growth data with the  
supplemented diets illustrated the full amplitude of worker condition 
that  paralleled the fluctuations in the source colony. 
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T a b l e  2. Total differentiation in biweekly worker samples during 8 weeks 
on four diets. 

3.4 D i f f e r e n t i a t i o n  d u r i n g  i n c u b a t i o n  

Differentiation to soldiers or apterous neotenic reproductives occurred 
in ril l  except three of the 33 biweekly samples during the eight-week 
incubation period. (Table 2). Usually the differentiation began after the 
fourth week of incubation. The earliest development to terminal forms 
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was noted at  a second (male neotenic), third (female neotenic), or fourth 
(soldier) weekly inspection. The largest sized workers appeared approx
imately equal in size to the individuals which had progressed to pre
terminal or  terminal form, indicating that  the terminal forms were devel
oping from the largest sized workers. The terminal forms were weighed 
to the nearest milligram a t  the time of their weekly removal from a 
sample group and, with rare exception, each weighed 5 mg. More pre
terminal forms were observed than were accounted for by the removal 
of terminal forms; thus, the likelihood was that  cannibalism of both 
pre-terminal and terminal forms was occurring. Occasionally, partly 
eaten, but live individuals were seen during weekly inspections. 

The total differentiation was similar for the two basic diets (79 on 
cellulose and 68 on sawdust and also for the two supplemented diets 
respectively, 195 and 185). The total differentiation in individual bi
weekly worker samples was 0 - 17 on basic diets and 0 - 43 on supple
mented diets. The terminal forms on basic diets appeared to develop 
primarily from workers already large-sized a t  the time of removal 
from the source colony, whereas many of the terminal forms on the 
supplemented diets apparently originated from individuals which grew 
to large size on the diet. 

Because of cannibalism and removal of terminal forms, the growth 
data (Table 1) often greatly underestimated the actual growth. For 
example, if the 25 terminal forms in the 15th sample on the supple
mented cellulose diet (Table 2) were included in the calculations of per
centage growth and percentage survival, the growth estimate is 64 per
cent rather than 39 percent and the survival estimate is 99.5 rather than 
87 percent. 

4. Discussion 

The ultimate purpose of this study was to isolate three elements, i. e., 
survival, growth, and differentiation, so that the physiological condition 
of the worker samples could be assessed more completely. Weekly 
removal of terminal forms was the key to isolation of the elements be
cause i t  alleviated their repressive effects on growth and differentiation 
of the remaining workers. The results confirm the effectiveness of the 
technique. If  the terminal forms had not been removed, the variable 
differentiation in individual worker groups of the samples would have 
confounded any comparative analysis of the biweekly samples. 

This study, to my knowledge, is the first time that  termites them
selves have been used deliberately as a dietary supplement. Relative to 
the results with basic cellulosic diets, the supplement was exceptionally 
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beneficial to growth and differentiation of workers. Unfortunately, the 
technique may not be applicable to all species of termites; for instance, 
I have not been successful in using it with Coptotermes formosanus 
Shiraki. However, J. K. MAULDIN and N. M. RICH (1975) demonstrated 
benefits to termites with synthetic supplements to a cellulose diet. Their 
best result was a 37 percent decrease in group weight after one year on 
a diet, but they allowed differentiation and reproduction to occur and 
encountered problems with microbial contamination. Undoubtedly, both 
of these factors masked the true benefits of the diets. Nevertheless, my 
results provide a benchmark for the benefits that may be achieved with 
improved diets. On my results, one can only speculate on the extent 
to which methodology (G. R. ESENTHER, 1976), contamination problems, 
and usage of marginal diets have masked significant differences be
tween treatment variables in previous work (G. BECKER, 1969) with 
termites. 

Decayed wood diets especially deserve a more intensive investigation 
because they improve development of reproductive termite forms (G. 
BECKER, 1965; M. LENTZ and G. BECKER, 1975). 

The results disprove the “worker stability hypothesis”. Except during 
periods o f  developmental-reproductive stress, the survival data with all 
diets and the growth data with basic cellulosic diets, seem to favor the 
hypothesis; the physiological condition of the workers appeared to 
remain relatively stable for prolonged periods in the colony. However, 
the growth data with supplemented diets coupled with the differen
tiation data for all diets reveals a remarkable fluctuation of worker 
condition. This matches the cyclic caste-instar changes in the colony 
w h i c h  may affect worker condition even in a large, well-established 
natural colony (G. R. ESENTHER, 1969). 

The results do not weaken the concept (A. E. EMERSON, 1956, 1962) of 
homeostatic stability of a termite colony. Indeed, they demonstrate an 
exceptional flexibility of the homeostatic system to compensate for 
major disruptions in a colony. This is particularly noticeable in the 
recovery of the colony after the extremely low vitality of the 20 - 22 
biweekly worker samples. 

The results demonstrate that measurement of growth is essential to 
assess the final condition of termites in an experiment. Survival data 
also are essential. Fortunately, both growth and survival are reflected 
in a single record when the final condition of the termites is expressed 
as percentage of the initial group weight (G. R. ESENTHER, 1976). This 
percentage is easy to obtain because it requires only initial and final 
group weight. 
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Nevertheless, as mentioned previously, the effects of differentiation 
also must be considered in a final analysis worker condition. If these 
effects are not isolated, an analysis becomes confounded by speculations 
as to the relative impact of differentiation in the individual groups. This 
confounding can be alleviated by the removal of terminal forms or by 
limiting an incubation period to four weeks, because differentiation 
usually began after four weeks of incubation. Only after survival, 
growth, and differentiation potentials are measured can termite in
vestigations proceed to the measurement of the precise impact that 
different termite forms have on the homeostatic system of a colony. 

The biweekly removal of worker samples had a disruptive effect on 
the colony, and this may be similar to the effect of insecticidal baits 
wherein foraging workers eat the lethal bait (G. R. ESENTHER and R. H. 
BEAL, 1974, 1976). Both worker removal and bait treatment result in a 
depletion of the worker component. The colony was able to recover 
from the impact of the worker removals, but the response of the termite 
homeostatic system to bait effects has not been established. 

5. Summary 

Survival, growth, and differentiation in 33 biweekly samples of R. flavipes 
workers were measured relative to two cellulosic diets, with or without 
frozen termites as a dietary supplement. Weekly removal of terminal forms 
during an eight-week incubation permitted fuller expression of the growth 
and differentiation capacity of the workers. The results show a remarkable 
magnitude of fluctuation in these physiological capabilities. The fluctuation 
matched the caste-instar changes which were occurring in the source colony. 
The significance of the results relative to the homeostatic system of termites 
is discussed. 

Zusammenfassung 

Schwankungen von Überlebensrate, Wachstum und Differenzierung bei zwei
wöchentlich enlnommenen Proben von Reticulitermes flavipes Arbeitern 

Überlebensrate, Wachstum und Differenzierung von 33 Proben von R. fla
vipes Arbeitern, die in zweiwöchentlichem Abstand aus der Kolonie entnom
men waren, wurden vergleichend auf 2 Cellulose-Diäten - mit und ohne 
Zusatz von gefrorenen Termiten als Zusatznahrung - bestimmt. Wöchent
liches Entfernen der Endstadien während einer 8wöchigen Versuchsdauer 
gestattete eine vollständigere Erfassung der Wachstums- und Differenzie
rungsfähigkeit der Arbeiter. Die Ergebnisse zeigen eine bemerkenswert große 
Schwankung dieser physiologischen Fähigkeiten. Die Schwankungen ent
sprachen den Änderungen in der Kastenzusammensetzung in der Ausgangs-
Kolonie. Die Bedeutung der Ergebnisse für das homöostatische System der 
Termiten wird erörtert. 
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