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ABSTRACT 

The sex-specific effects of reproductives and of soldiers on the reproductivity (i.e., tendency 

to develop into replacement reproductives) of pseudergates of Zootermopsls nevadensis were 

studied. Reproductives inhibit reproductivity in pseudergates of their own sex only. Reproductives 

neither inhibit nor stimulate reproductlvity in pseudergates of the opposite sex. Reproductives do 

not require the presence of a reproductive of the opposite sex to stimulate them to inhibit 

reproductivity In pseudergates. Soldiers had no effect on the reproductlvity of pseudergates. 

The effects of group size and of the presence or absence of reproductives on the 

development of last-stage nymphs of Z. nevadensis were studied. The size of experimental groups 

had no effect on the rates of stationary molts or alate molts, suggesting that the correlation between 

colony size and the onset of alate production in nature may be spurious. The presence or absence 

of reproductives had no effect on the rate of stationary molts or alate molts, suggesting that in Z. 

nevadensis neither group size nor the presence of reproductives has any direct effect on alate 

determination. It is suggested that In Z. nevadensis a form of nutritional castration can delay the 

onset of alate development; that is to say, that the onset of alate development is determined by the 

ratio of nutrient-gathering castes to nutrient-receiving castes in the colony. 

I have found what I believe to be an extraordinary example of deception in Z. nevadensis 

and Zootermopsls angusticollis. This is the first reported example of caste mimicry In a social insect, 

and may explain why supernumerary replacement reproductives are common In Z. nevadensis and 

Z. angusticollis but not in Zootermopsis laticeps. 

The compositions of 41 field-collected colonies of Zootermopsis were given and the data 

were analyzed for trends. Most notably, supernumerary replacement reproductives were common 

in Z. nevadensis and in Z. angusticollis but have never been found in b latlceps, by us or by 

anybody else. These findings are In accordance with our hypothesis of "caste mimicry" in Z. 

nevadensis and Z. angusticollis. 
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INTRODUCTION 

The societies of the termites have achieved a level of complexity unrivaled by those of any 

other species on the planet •• except perhaps our own. Wilson (1975) placed the termites, along 

with the social Hymenoptera, atop one of his three pinnacles of sociality. 

The societies of the termites are organized around division of labor among different castes 

which have evolved to carry out different roles in the colony. Therefore, understanding the evolution 

of castes and caste determination is one of the keys to understanding the evolution of termite 

sociality. 

Before we can undertake this task, it is necessary to define some terms. Michener (1969) 

defined eusoclalfty as that level of social behavior characterized by cooperative brood care, 

generational overlap, and the existence of permanently sterile castes. Wilson (1971) stated that 

eusoclality has evolved at least eleven times in the aculeate Hymenoptera (probably many more 

times than that) and only once elsewhere in the Arthropoda, in the termites. Since that time, it has 

been determined that eusociallty has evolved at least five times in the aphids (Aoki 1977, 1982, 

1987; Ito 1989) and once in the spiders (Vollrath 1986). In addition, several species of 

polyembryonic parasitic wasps have evolved sterile castes although not necessarily the other 

features of eusociality (Cruz 1981, 1986; Cruz et al 1990). 

Wilson (1953) defined a ~ as a differentiated form with a specialized function. Stuart 

(1979) added the stipulation that caste be an endpoint in morphogenesis. It is not readily apparent 

what is gained by adding this stipulation. This stipulation may be useful in regard to the social 

Hymenoptera, which are holometabolous; all individuals which participate actively in the life of the 

colony are terminal Instars. It is less useful in the case of the termites, which are paurometabolous; 

the social organization of the primitive termites Is In large measure based on the child labor of 

immature instars which retain the potential to undergo further molting and development. I define a 

caste as any specialized form which (presumably) differentiates by means of activation of specific 

genes, whether or not it represents an endpoint in morphogenesis. With this definition, nymphS and 
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pseudergates represent castes as well as do alates, replacement reproductives, soldiers, or "true" 

workers. 

Myles and Chang (1984) distinguished between caste differentiation, caste determination, 

and caste regulation. Caste differentiation consists of the sequence of morphogenetic events that 

causes an individual to differentiate into a member of a specific caste. Caste determination consists 

of the sequence of events that triggers the genetic responses that lead to caste differentiation. Caste 

regulation consists of all the mechanisms that regulate the proportions of the different castes in the 

colony. 

This study details selected aspects of caste determination and caste regulation in the 

primitive rotten-wood termite genus Zootermopsis (Isoptera: Termopsidae). The genus Zootermopsis 

contains three species, all endemic to North America. Z. nevadensis and Z. angustlcollis are found 

In rotten logs in evergreen forests along the Pacific coast of North America, from Baja California to 

as far north as British Columbia (Banks and Snyder 1920; Sumner 1933; Castle 1934; Weesner 

1970). Colonies of Z. laticeps can be found inside rotten branches on live trees (willow, oak, 

sycamore) growing in riparian areas in Arizona, New Mexico, and western Texas (Banks and Snyder 

1920; Sumner 1933; Nutting 1965; Weesner 1970). 

This dissertation is divided into five chapters. Chapter One reviews previous work on the 

evolution of castes and caste determination in termites. Chapter Two covers our study on the sex

specific effects of reproductives and of soldiers on the reproductivity of pseudergates of Z. 

nevadensls. Chapter Three covers our study of the effects of reproductives and of group size on 

the development of long-wing padded nymphs of b. nevadensls. 

Chapter Four details the first reported instance of caste mimicry in a social insect. The 

results of this study may have implications for our understanding of the regulation of the 

replacement reproductive caste in termites. 

In the course of my investigations, I have garnered data on the composition of 41 colonies 

of Z. nevadensis, Z. angusticollis, and Z. laticeps. These data are summarized in Chapter Five, and 
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they are interpreted in the light of what we have learned about caste regulation in Zootermopsis. 
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CHAPTER ONE. THE EVOLUTION OF CASTES AND CASTE DETERMINATION IN TERMITES 

PHYLOGENY OF THE TERMITES 

The termites are the most ancient group of social arthropods. The ancestors of the termites 

diverged from those of the cockroaches during the Upper Carboniferous Era some 300 million years 

ago. 

A tenative phylogenetic scheme for the termites is depicted In Figure 1. The common 

ancestor of the termites and the cockroaches Is thought to have resembled in its habits the wood

eating roach Cryptocercus, which Is subsocial, has cellulose digesting symblonts, and lives within 

dead wood (Cleveland et al 1934; Nutting 1956; Seelinger and Seelinger 1983; Nalepa 1982, 1984, 

1988). From this ancestor sprang two lines, one of which gave rise to the cockroaches and the 

other to the termites (Wheeler 1923, 1928). The morphologically most primitive termites comprise 

the families Mastotermitldae and Termopsldae. The common ancestor of the termites and the 

cockroaches Is believed to have combined the primitive morphological features of Mastotermes 

(Mastotermitldae) and Archotermopsis (Termopsidae) (Imms 1919; Krishna 1970). 

Mastotermes darwlnlensls, the sale surviving member of the family Mastotermitidae, is 

sometimes regarded as the most primitive living termite (e.g., Gay and Calaby 1970; Watson et al 

1977; Sewell and Watson 1981; Watson and Sewell 1981, 1985). To be sure, M. darwinlensis retains 

many primitive morphological features, but its developmental pathway, subterranean habits, and 

certain other aspects of Its biology are highly derived and do not represent the primitive condition 

In termites (Appendix; see also Emerson 1926, 1938; Noirot 1985a; Noirot and Pasteels 1987, 1988). 

The ecologIcally most primitive termites comprise the families Termopsldae and Kalotermitidae, as 

well as the subfamily Prorhlnotermitlnae of the family Rhinotermitldae (Emerson 1938; Miller 1942). 

The more advanced families of termites are all comprised of highly derived subterranean species. 
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Figure 1. A tenatlve phylogentic scheme for the termites (based on various sources; see 

Appendix). 
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DEVELOPMENTAL PATHWAYS OF THE TERMITES 

A termite colony is founded by a pair of alates, or primary reproductives (the king and the 

queen).FoIlowlng their dispersal flight and pairing, the king and the queen excavate the nuptial 

chamber in wood or soil substrates. It is there that mating takes place, and then the queen begins 

to lay eggs. 

Termites are paurometabolous Insects; the newly hatched nymphs resemble a miniature 

version of the adult. The first and second stage nymphs are tiny and unsclerotized and must be fed 

by their parents or older siblings. Third stage nymphs go to work excavating galleries and digesting 

cellulose, serving to feed the colony. 

Termites show a degree of developmental plasticity unrivaled elsewhere in the Insecta. 

Figure 2 depicts the developmental pathways of the primitive termite Zootermopsls angusticolfis (re

drawn from Yin and Gillot 1975a). A newly hatched nymph typically goes through seven nymphal 

stages, and then molts into an alate. 

From the third stage on, an individual may take a number of alternative developmental 

pathways. If reproductives are removed from a colony, some of the immature instars may skip the 

remaining stages In the developmental pathways and differentiate into neotenic reproductives which 

lack wings but possess fully developed reproductive organs. These forms are also known as 

replacement reproductives or supplementary reproductives. In the Kalotermitldae, these forms 

normally are eliminated until only one male and one female are left (Grassl and Sandlas 1893-1894; 

Kalshoven 1930 In Weesner 1960; Grasse and Noirot 1946, 1960; Luscher 1952, 1961; Ruppfi and 

Luscher 1964 in Stuart 1979; Ruppll 1969 in Stuart 1979; Lenz et al 1982; Myles and Chang 1984; 

Myles 1988). By contrast, supernumerary replacement reproductives are common in termopsid 

colonies (Chapter Five; see also Hill 1926; Light 1942-1943; Morgan 1959; Mensa-Bonsu 1976b; 

Lenz 1985; Myles 1988; Nkunika 1990). Since they never have wings, replacement reproductives are 

limited to mating with other reproductives in the colony, which are either their parents or their 

siblings. 
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Figure 2. Developmental pathways of Z. angusticollis (re-drawn from Yin and Gillot 1975b). 
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Alternatively, an individual can develop into a presoldier, which subsequently develops into 

a soldier. The presoldler is a functionless intermediate analogous to the pupae of holometabolous 

Insects (Emerson 1926; Light 1942-1943; Quennedy and Dellgne 1975). The soldier does not 

reproduce 1; the sole function of the soldier is to defend the colony against Intruders, mainly ants. 

Soldiers never undergo further molting and development and so comprise a permanently sterile. 

terminal caste. 

The soldier was the first sterile caste to evolve In termites (Emerson 1926; Hare 1937; Light 

1942-1943; Nolrot and Pasteels 1987). It Is found In all species of termites, except for a few highly 

evolved species In the genera Anoplotermes and Speculltermes in the family Termltidae, in which 

It has been lost (Emerson 1926; Weesner 1960). 

Sixth or seventh stage nymphs may abscise their wing pads without undergoing a molt 

(Myles 1983, 1988). These wing-pad abscised individuals comprise a totipotent caste (Myles 1983. 

1988; Hahn and Smith unpublished data). They can develop into ergatoid (apterous) or nymphoid 

(brachypteraus) reproductives, or they can develop into presoldlers, or they can even re-graw their 

wing pads and re-enter the nymphal line of development. 

In the presence of reproductives, most wing-pad abscised nymphs develop into a large 

apteraus working form known as the pseudergate. Fourth or fifth stage nymphs may also develop 

directly into the pseudergate without ever having had wing pads. The name pseudergate means 

"false worker" (Grasse and Nolrot 1947). Pseudergates certainly do work; they are "false" workers 

only In the sense that they do not necessarily comprise the sole or the main work force of the 

colony, and in that they do not comprise a permanently sterile, terminal caste, as do the workers 

of the social Hymenoptera (Nolrat and Pasteels 1987, 1988). Both nymphs and pseudergates 

1Functlonal reproductives with soldier mandibles have been found in all three species of Zootermopsis 
(Heath 1903, 1907, 1927, 1928; Myles 1986) and may occur in other species of the Termopsldae as well 
(Myles 1986). Such forms can easily be distinguished from the ordinary soldiers by the much smaller size 
of the head capsule. Myles (1986) has suggested that the original function of the soldier mandibles was for 
lethal slbllcldal combat for reproductive dominance In colonies following the death of one or both of the 
primary reproductives. This may be so. In any event, reproductive soldiers have never been found in any 
species outside of the Termopsidae, and even there they are seldom encountered. 
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function as workers in the primitive termites. 

When a colony reaches a certain size. generally after three years or more (Heath and Wilbur 

1928). the nymphs mature into alates which flyaway. pair off. and found new colonies. 

This type of developmental pathway. with a worker line diverging late In development, 

appears to be the primitive condition in termites (Nolrot and Pasteels 1987. 1988). It Is found in the 

Termopsldae (YIn and Gillot 1975a). the Kalotermitidae (Grasse and Noirot 1947; Noirot and 

Pasteels 1987. 1988). and in the subfamily Prorhinotermitinae of the family Rhinotermitldae (Miller 

1942; Rolsin 1988a). 

Subterranean habits have evolved at least four times In the termites -- In the 

Mastotermltldae. the Hodotermitidae. the Rhinotermitldae (excluding the Prorhinotermitinae) and the 

Termitldae. Each time the termites have entered the soil. they have evolved a particular type of 

developmental pathway characterized by a differentiative first or second molt which bifurcates the 

developmental pathway Into separate worker and alate lines (Noirot and Pasteels 1987). Figure 3 

depicts the developmental pathways of the subterranean termite M. darwlnlensls (re-drawn from 

Watson et aI1977). The newly hatched nymphs are outwardly all alike. Each Individual undergoes 

a differentlatlve first molt and either develops wing pads and enters the alate line of development. 

or else does not develop wing pads and enters the worker line of development. This particular type 

of developmental pathway. with a differentlative first or second molt. Is characteristic of all 

subterranean termites that have been studied. It is found In the Mastotermltldae (Watson et aI1977). 

the Hodotermtt~ae (Clement 1953; Watson 1973; Mednlkova 1977; Luamba 1981). the 

Rhlnotermltldae (excluding the Prorhlnotermitinae) (Hare 1934; Buch1l1958; Roy-Noel 1968; Renoux 

1976. 1985; Rolsln 1988b). and the Termitidae (Noirot 1949a.b. 1950. 1951. 1952.1954. 1955.1956. 

1969); Rolsln (1990). Once again. the workers do not necessarily represent terminal forms. since 

they usually retain the potential to develop Into presoldiers or Into replacement reproductives 
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Figure 3. Developmental pathways of M. darwlnlensls. a typical subterranean termite (re

drawn from Watson et al 1977). 
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(Grasse et a11950; Noirot 1952,1954,1955, 1956, 1969, 1985a, b; Skaife 1954, 1955; Buchli 1958; 

Shimizu 1963, 1970; Smythe and Mauldin 1972; Watson 1973; Watson et al 1977; Renoux 1976, 

1985; Thorne and Noirot 1982; de Mosera 1982; Raisin and Pasteels 1987; Raisin 1988b; 1990). 

Finally, in a number of species in the family Termitidae, a true sterile worker caste has arisen 

alongside the soldier caste (Grasse et al 1950; Noirot 1949b, 1952, 1954, 1956; Sieber and 

Darlington 1982; Sieber 1985; Raisin and Past eels 1986, 1987; Noirot and Pasteels 1987, 1988). 

These workers are terminal forms and are not able to undergo further molting and development. 

CASTE DETERMINATION IN TERMITES 

The study of caste determination in termites began with the investigations of Grassi and 

Sandias (1893-1894) on Kalotermes flavicollis (Kalotermitidae). They noted that replacement 

reproductives differentiated in groups of immatures isolated from reproductives, and that soldiers 

differentiated in groups of immatures isolated from soldiers. Since then, these observations have 

been replicated numerous times in many different species of termites (for reviews see Miller 1969; 

Wilson 1971; Stuart 1979; Nijhout and Wheeler 1982; Springhetti 1985). 

Pickens (1932) postulated that reproductives produce a substance which inhibited the 

differentiation of immatures into reproductives. Likewise, Light (1942-1943) postulated that soldiers 

produce a substance which inhibited the differentiation of immatures into presoldiers. 

Karlson and Luscher (1959) coined the term "pheromone" to designate substances, such 

as the postulated caste Inhibitory substances of termites, which are secreted by an individual and 

are received by an individual of the same species. in which they release a specific reaction, such 

as a definite behavior or a specific developmental process. Stuart (1979) noted that it is Ironic that 

the postulated substances that spawned the term ·pheromone" have never been identified, nor is 

there even proof of their existence. 

Nevertheless, we have some information concerning the mode of action of these 

substances. Springhetti (1969a,b, 1970, 1971, 1972) noted that in K. flavlcollis, the action of the 
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reproductive inhibitory pheromone and that of the soldier inhibitory pheromone appear to be 

antagonistic to one another; that is to say, the presence of reproductives promotes differentiation 

into presoldiers, and the presence of soidiers promotes differentiation into replacement 

reproductives. At about the same time, it was noted that the effects of the reproductive inhibitory 

pheromone are mimicked by juvenile hormone (JH). Application of JH to immature instars inhibits 

differentiation into replacement reproductives (Wanyoni and Luscher 1973; Wanyoni 1974; 

Sprlnghettl 1974, 1976; Yin and Gillot 1975b; Myles and Chang 1984) and promotes differentiation 

Into presoldlers (Luscher 1969 In Stuart 1979; Hrdy and Krecek 1972; Hrdy 1973, 1976, 1985; Hrdy 

and Zuskova 1979; Hsang-Hsoung 1974; Wanyonl 1974; French 1974; Sprlnghettl 1974,1975,1976; 

Yin and Gillot 1975b; Lenz 1976; Lenz and Westcott 1985; Varma 1977, 1985; Howard and Haverty 

1978, 1979; Haverty and Howard 1979; Myles 1980; Myles and Chang 1984; Okot-Kotber 1980. 

1985; Luamba 1981; Prestwich et al 1987; Mohammed and Prestwich 1988). Accordingly, it was 

proposed that the reproductive Inhibitory pheromone is either JH (Luscher 1972, 1973) or some 

other substance with Juvenile hormone activity (Yl'1 and Gillot 1975a,b; Luscher 1975, 1977) and that 

the soldier Inhibitory pheromone Is some kind of substance which depresses JH activity (Luscher 

1972, 1973; Yin and Gillot 1975a,b). 

Yin and Gillot (1975b) carried out some experiments on caste determination in .b.:. 

angustlcollis which are worth describing in some detail. In order to study the determination of the 

replacement reproductive caste, they established cultures containing (unfortunately) unspecified 

numbers of nymphs and pseudergates and soldiers. Each group was subjected to one of four 

experimental treatments: 

1. Each Individual Injected with JH twice a week, with treatments beginning Immediately 

experimental cultures were established. 

2.Each Individual Injected with JH twice a week, with treatments beginning two weeks after 

experimental cultures were established. 

3. Sham-Injected controls. 
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4. Untreated controls. 

In the control groups, replacement reproductives began to differentiate four weeks after 

establishment. Replacement reproductive differentiation reached a peak during the fifth and sixth 

weeks of the experiment. No additional replacement reproductlves differentiated after the seventh 

week of the experiment. There was no difference In the rate of differentiation into replacement 

reproductlves between the sham-injected controls and the untreated controls. 

Colonies receiving JH injections immediately after establishment did not produce 

replacement reproductlves. In colonies In which JH injections began two weeks after establishment, 

replacement reproductlves began to differentiate four weeks after establishment. There was no 

difference in the rates of differentiation into replacement reproductlves between these colonies and 

~ controls. 

These results suggest that In Zootermopsis, ~,-Iere is a critical period for replacement 

reproductive determination which occurs no later than two to four weeks before the molt. The 

presence of JH during this period prevents replacement reproductive differentiation. After this critical 

period, JH has no effects on replacement reproductive differentiation. 

A further series of experiments concerned the determination of the soldier caste. The 

authors established groups which contained between one to four pairs of reproductives and an 

(unfortunately) unspecified number of nymphS and pseudergates. In the experimental groups, each 

individual was injected with JH at weekly intervals, while the control groups were left untreated. 

No replacement reproductives differentiated in any of these groups. Presoldier differentiation 

occurred only in experimental groups containing three or four pairs of reproductives, In these 

groups, presoldlers began to differentiate after eight weeks. No additional presoldlers differentiated 

after ten weeks. 

These results suggest that in Zootermopsis, these is a critical period for soldier 

determination which begins no later than eight to ten weeks before the molt. The presence of JH 

during this period promotes soldier differentiation. 
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Nljhout and Wheeler (1982) created a model for the determination of caste In K. flavicollis 

which Invoked three separate critical periods for caste determination. One critical period is for 

characters associated with sexual reproduction (i.e. gonads, accessory glands) which are expressed 

in both alates and In replacement reproductives. Another critical period is for the determination of 

non-sexual adult characters (i.e. wings) which are expressed only in alates. A third critical period 

is for the determination of soldier characters. 

The model of Nljhout and Wheeler can be modified to account for Yin and Gillot's 

observations on caste determination in Zootermopsls (Figure 4a-d). In this modified version of their 

model, the critical period for soldier determination occurs early In the stadium (no later than eight 

to ten weeks before the molt). The presence of JH during this period induces the expression of 

soldier characters, while In the absence of JH soldier characters are not expressed. The critical 

periods for adult characters occur late In the stadium (no later than two to four weeks before the 

molt). The presence of JH during these periods prevents the expression of adult characters, while 

its absence permits their expression. 

More recently, Okot-Kotber and Prestwich (1991 a,b) have found evidence that juvenile 

hormone titers (and ultimately caste determination) are controlled by regulating the amount of 

juvenile hormone binding protein present In the hemolymph. They studied the juvenile hormone 

binding proteins of Z. nevadensls, Coptotermes formasanus, and Reticulitermes flavlpes, and they 

found that the hemolymph concentrations of these proteins were highest In workers, presoldlers, 

and soldiers, and lowest In nymphs. 
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Figure 4. A moclel for endocrine development of caste in Zootermopsis. based on the moclel of 

NIJhout and Wheeler (1982). Each curve represents a hypothetical JH-titer during the course of 

differentiation from either a nymph or a pseudergate into the caste Indicated. Bars show the timing 

of the JH-sensitlve perlocls for various characters. 

a. Nymph to alate 

b. Pseudergate or nymph to replacement reprocluctive 
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Figure 4 continued. 

c. Pseudergate or nymph to presoldier 

d. Stationary molt of pseudergate or nymph 
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CHAPTER TWO. SEX-SPECIFIC EFFECTS OF REPRODUCTIVES AND OF SOLDIERS ON THE 

REPRODUCTIVITY OF PSEUDERGATES OF ZOOTERMOPSIS NEVADENSIS. 

INTRODUCTION 

Light (1942-1943) termed the tendency of immatures to differentiate into replacement 

reproductives "reproductivity,· and he termed the inhibition of reproductivity by reproductives 

·contact Inhibition .. The difficulties inherent In studies of reproductivlty in termites have been 

emphasized by numerous authors, notably Light (1942-1943), Light and IIIg (1945), and Stuart 

(1979). The rate of reproductivity can vary significantly between groups of Individuals taken from 

different colonies, between groups of Indiv!duals taken from the same colony at different times, and 

between groups of different Instars taken from the same colony at the same time. Furthermore, the 

delicate homeostatic balance of a colony can easily be upset by procedures which disturb the 

colony (such as removing It from the log), so that factors other than the one under Investigation 

may change. Thus, it Is necessary to take steps to randomize the effects of Inter-colony variability 

In the rate of reproductivity. Furthermore, it is Imperative that all experimental groups be established 

simultaneously, that they be Identical In composition for the number and type of Instars, and that 

they be given identical treatment except for the factor under consideration. Finally, it is necessary 

to use large numbers of animals and adequate numbers of replicates In experiments. 

One question which has occupied the attention of numerous researchers Is whether contact 

Inhibition Is sex-specific In Its action; that is, do males inhibit only males and do females Inhibit only 

females? As we shall see, none of the answers that have been obtained have been entirely 

satisfactory. 

Castle (1934) studied the Inhibition of reproductivity in Zootermopsls angustlcollis. Eight 

experimental colonies were established, each one containing fifty Immature Individuals. A single 

male reproductive and a single female reproductives were added to each of three colonies; a single 

male reproductive was added to a fourth colony; a single female reproductive was added to a fifth 
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colony; and two female reproductives were added to a sixth colony. No reproductives were added 

to the remaining three colonies. The colonies were held for an (unfortunately) unspecified length 

of time and were then censused. 

The results are shown in Table 26A of Castle (1934). Castle concluded that the presence 

of a reproductive of a given sex inhibits reproductivity only in immatures of that sex. 

This study was the first of its kind. However, there are a number of problems with the design 

of this study. First, the sample sizes are inadequate. For all but one of the experimental treatments, 

only one replicate was performed, making it Impossible to obtain an estimate of the within-treatment 

variance. Second, In order to control the effects of inter-colony variability, it Is necessary either to 

take the animals for all replicates from the same stock colony, or else to take the animals for the 

same number of replicates for each experimental treatment for each stock colony used. No 

Indication was given as to whether this was done. In addition, the author did not specify how long 

these colonies were held before being censused, although it appears that they were maintained for 

different lengths of time. 

However, these are fairly minor points. A more serious flaw is that the colonies were not 

examined dally and newly molted Individuals were not removed, so that there was no control over 

the inhibitory influence of reproductives which differentiated In the course of the experiment, nor was 

there any record of any reproductives which may have differentiated and then died before the date 

of census. Therefore, this study must be regarded as Inconclusive. 

Ught (1942-1943) studied the inhibition of reproductivlty In Zootermopsis nevadensis, using 

Incipient colonies. In some of these colonies, the male primary reproductive was removed, while in 

others, the female primary reproductive was removed. The colonies were censused after 103 days 

and again at 146 days. 

The results are shown In Table 8 of Light (1942-1943). Light noted that removal of either 

member of the primarily pair breaks the inhibition and results, in some instances at least, in the 

production of replacement reproductives of both sexes, not merely of the absent sex. On the basis 
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of these results, Light concluded that, In Z. nevadensis, reproductive inhibit members of their own 

sex strongly but not completely, and that they also weakly inhibit members of the opposite sex. A 

pair of reproductives was needed to effect complete inhibition of either sex. 

Light's use of a large number of incipient colonies served to randomize the effects of inter

colony variation in reproductivity. However, the experimental colonies were not examined daily and 

newly molted Individuals were not removed, so that there was no control over the Inhibitory 

Influence of any reproductlves which arose In the course of the experiment, nor any record of any 

reproductlves which may have arisen in the course of the experiment and then died before the date 

of census. 

Moreover, as Light himself noted, contact inhibition seems to be related to the continuous 

integration of the group. While removal of one of the primaries sometimes leads to the differentiation 

of reproductlves of the same sex of the primary that remains. it is not clear whether this Is due to 

the lack of Inhibitory Influence exerted by the missing primary of the opposite sex, or whether this 

Is some non-specific effect of the disruption of the integrity of the group by the removal of one of 

the primaries. Light's study did not involve the use of the kinds of controls which would allow us to 

distinguish between these two possibilities. Therefore. this study is Inconclusive. 

Light and Weesner (1951) studied the inhibition of reproductivity in InCipient colonies of Z. 

angusticollls. The following series of experimental groups were established: 

ARC - control groups with both primaries present. using groups which contained ten or more 

nymphs. All other groups prefixed by A were of the same size class. 

AU - control groups with one primary present 

Be -- control groups with primaries permanently removed. using groups with nine or fewer 

Individuals present. All other groups prefixed by B were of the same size class. 

BU - as In AU, but using groups with nine or fewer individuals 

AEl -- primaries Isolated from the group for seven days 

AE2 - primaries Isolated from the group for 13 days 



AE3 -- primaries isolated from the group for 21 days 

BE3 -- primaries Isolated from the group for 21-22 days 

AE4 -- primaries Isolated from the group for 30 days 

BE4 -- primaries isolated from the group for 25-30 days 

The experimental colonies were censused 17 weeks after they were established. 
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The results are shown In Table 3 of Light and Weesner (1951). In the AU and the BU groups 

of this experiment, where only one of the primaries was removed, a check was made on the sex 

of the remaining primary and any replacement reproductives that were produced. In addition, 31 

groups from the series AE and BE from which the primary was lost were reset after the removal of 

any replacement reproductives present at the end of the 17-week period. Each of these groups was 

censused after an (unspecified) period of time and the sex of the remaining primary and of any 

replacement reproductives produced was determined. Of 32 colonies started with a female primary 

reproductive, 27 (84.4%) produced only male replacement reproductives, four (11 %) produced 

female replacement reproductives, and one (3%) produced both male and female replacement 

reproductives. Of 13 colonies started with a male primary reproductive, ten (76.9%) produced only 

female replacement reproductives, one (7.7%) produced only male replacement reproductives. and 

two (15.4%) produced both male and female replacement reproductives. The figures for groups 

started with male primary reproductives differed significantly from those for groups started with 

female primary reproductives (p < 0.001). 

It Is hard to know Just what to make of these results. Once again, the colonies were not 

examined daily and newly molted Individual were not removed, so that there was no control over 

the Inhibitory Influence of replacement reproductives which may have differentiated and then died 

before the date of census. 

Moreover, the authors do not even make clear Just what their conclusions are. They state 

that, "These observations, along with those of Castle (1934) suggest a unisexual effect of the 

Inhibition ... The Inhibitory effect of each member of the pair seems to be more effective In inhibiting 
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individuals of the same sex so that when one Is retained the supplementaries produced tend to be 

of the opposite sex." (Light and Weesner, 1951, pp. 409, 414). However, the authors do not specify 

whether or not they are departing from Light's previous conclusion that reproductives partially inhibit 

reproductivlty in the opposite sex, and indeed this study did not utilize the types of controls that 

would be necessary to test that hypothesis. For these reasons, this study must be regarded as 

inconclusive. 

Luscher (1956) studied the Inhibition of reproductlvity In Incipient colonies of Kalotermes 

flavicollls. Seventeen colonies were established, using pairs of alates. In nine of these colonies, the 

female primary reproductive was removed, while in the remaining eight colonies, the male primary 

reproductive was removed. The total number of male and female reproductives produced by each 

of these experimental colonies Is shown in Table 1 of Luscher (1956). It can be seen that many 

reproductives of both sexes arose In the presence of a single male reproductive, but only a few 

female reproductlves arose In the presence of a single female reproductive. Furthermore, It can be 

seen that the number of female reproductives which arose in the presence of a single male 

reproductive is greater than the number of male reproductives which arose In the presence of a 

single female reproductive. 

In a later paper, Luscher (1961) concluded on the basis of these results that a single male 

reproductive by Itseff had no effect on the reproductivity of immatures, and that a single female 

reproductive partially Inhibited reproductlvlty In females and had no effect on the reproductlvity of 

males. He further postulated that malas produce a pheromone which stimulates the female to inhibit 

reproductlvlty In females, and that female produce a pheromone which stimulates the male to Inhibit 

reproductlvlty In males, so that a pair of reproductlves is needed to effect complete Inhibition of 

either sex. Finally, he postulated that male reproductives produce a pheromone which stimulates 

reproductlvlty In females. These conclusions were summarized in a well-known diagram presented 

by Luscher (1961) (Figure 5). 

One advantage of the experimental deSign employed by Luscher was that the use of 
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Figure 5. Inhibition of reproductivity in K flavicollis (re-drawn from Luscher 1961). Repro 

ductives are shown in black, pseudergates in white. The shortest arrows indicate moits. Males are 

represented on the left side of the diagram, females on the right. 
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incipient colonies served to randomize the effects of inter-colony variation in the rate of 

reproductivity. However, there are a number of problems with this study. The author does not 

indicate whether or not the experimental colonies were examined daily and all newly molted 

individuals removed. If this were not the case, then there would have been no control over the 

Influence of replacement reproductives which differentiated after these colonies were established, 

nor would there have been any record of any replacement reproductlves which may have 

differentiated and then died before the census. 

Furthermore, even if Luscher's data are taken at face value, the author's conclusions are 

not justified. While it is true that when one of the primaries was removed, reproductives that were 

of the same sex as the remaining primary arose, it is not clear whether this was due to the lack of 

some kind of hypothetical stimulatory pheromone produced by the reproductive of the opposite sex 

(as Luscher assumed) or whether this was due to some sort of non-specific effect of the disruption 

of the integrity of the group due to the removal of one of the primaries. This study does not entail 

the use of controls which would enable us to distinguish between these possibilities. Moreover, 

Luscher's conc/usion that the male primary stimulates reproductivity in females is not warranted. 

Analysis of variance of these data shows no significant difference between the rates of reproductivity 

of females in the presence of a single male reproductive, and of males in the presence of a single 

female reproductive (p = 0.7320). Even if the difference were significant, it would not be possible 

to discern from these data whether the difference is due to some stimulatory effect of the male 

reproductive, or whether simply have a higher rate of reproductivity, as is the case in Z. angusticollis 

(Greenburg and Stuart, 1982). For these reasons, this study must be regarded as inconclusive. 

Grasse and Noirot (1960) also studied the inhibition of reproductivity in K. flavicollis, 

although their conclusions differed from those of Luscher. Nineteen incipient colonies were 

established, using pairs of alates. In ten of these coionies, the male primary reproductive was 

removed, while in the remaining nine the femaie primary reproductive was removed. The colonies 

were censused at ten, 20, and 40 days after the removal of the primaries. 
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The results are shown In Table 1 of Grasse and Noirot (1960). On the basis of these results. 

the authors concluded that male reproductives inhibit reproductivity In males. and· female 

reproductives inhibit reproductivity in females. In addition. they concluded, contrary to Luscher, that 

there was no evidence of any synergistic effects of male and female reproductives on one another; 

that Is to say, that male and female reproductives did not stimulate one another to inhibit 

reproductivity. 

One advantage of the experimental design employed by Grasse and Noirot was that the 

use of Incipient colonies served to randomize the effects of Inter-colony variation in the rate of 

reprocfuctivity. However, this study was flawed in that the colonies were not examined daily and 

newly molted Individuals were not removed, so that there was no control over the inhibitory 

Influence of replacement reproductives that differentiated after these colonies were established, nor 

was there any record of any reproductives which may have differentiated and then died before the 

date of census. 

Furthermore, even if these data are taken at face value, the author's conclusions are not 

justified. While the authors conclude that Inhibition of reproductivity Is exclusively sex-specific in this 

species, In fact some male replacement reproductives did differentiate in some of the cultures that 

contained a male primary. It Is not clear whether this due to some non-specific effect of the 

disruption of the Integrity of the group due to the removal of the male primary, or whether it was 

due to the lack of the Inhibitory Influence exerted by the missing female, and this study does not 

entail the kinds of controls which would enable us to distinguish between these possibilities. In fact. 

analysis of variance of the data In Table 1 of Grasse and Nolrot (1960) showsl!Q difference between 

the experimental treatment In the rate of male reproductivity. For these reasons, this study must be 

regarded as Inconclusive. 

Nagln (1972) studied the Inhibition of reproductivity In Neotermes iouteli (Kalotermitidae). 

In one experiment, 480 pseudergates and 20 soldiers were removed from a single stock colony and 

divided Into three groups -- two containing 180 pseudergates and six soldiers a piece, and a third 
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containing 120 pseudergates and four soldiers. Each group was provided with a pair of replacement 

reproductives, and was maintained for 49 days. Next, each group was divided into three subgroups 

of equal size, one of which kept the male replacement reproductive, one of which kept the female 

replacement reproductive, and one of which was totally orphaned. The colonies were maintained 

for 70 days, and during this time they were examined daily and newly molted replacement 

reproductives were removed and sexed. 

The cumulative production of male and female replacement reproductives is shown in Table 

6 of Nagln (1972). The author stated that, .... in the presence of a single male reproductive equal 

numbers of maies and females arose. In the presence of a single female reproductive, as many 

males arose as with a single male but essentially no females arose. In the absence of both 

reproductives, equal numbers of males and ferr'ales arose but the numbers were approximately 

twice as high as with a single male." (Nag in, 1972, p. 49). 

In another experiment, 300 pseudergates and 30 soldiers were removed from a single 

colony and divided Into three groups -- two containing 120 pseudergates and 12 soldiers and one 

containing 60 pseudergates and six soldiers. Each group was provided with a pair of replacement 

reproductives and was maintained for 15 days. At then end of that time, one of the large groups was 

divided In half with each half receiving one of the reproductives. TI19 other large group was also 

divided in half, but the half which received the male reproductive also received the male 

reproductive that had been in the small group, and the half receiving the female reproductive also 

received the female reproductive that had been in the small group. Thus, there were five 

experimental subgroups of equal size, containing, respectively, one male reproductive, one female 

reproductive, two male reproductives, two femaie reproductives, and no reproductives. The colonies 

were maintained for 31 days. During this time they were examined dally and all newly molted 

reproductives were removed and sexed. 

The results are shown In Table 7 of Nagin (1972). More replacement reproductlves 

differentiated In the totally orphaned than in the half-orphaned subgroups. Only a single male 
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reproductive arose In each of the two subgroups headed by two males or two females. 

On the basis of the results of these experiments, Nagin concluded that male reproductives 

partially Inhibit reproductivity In both males and females, and female reproductlves partially inhibit 

reproductivity in males and completely Inhibit reproductlvity In females. Thus, In a colony headed 

by one male and one female reproductive, females experience surplus Inhibition. 

Nagin's Is the most carefully controlled study of its kind that has been performed to date. 

For both of these experiments, all animals were taken from the same stock colony, which obviated 

the problems posed by Inter-colony variation In reproductlvity. This Is also the first study of its kind 

In which all colonies were examined daily and all newly molted reproductives were removed. 

However, not all of Nagln's conclusions are justified by his data. Analysis of variance of the 

data In Table 6 of Nagln {1972} shows.!}Q significant difference between any of the experimental 

treatments In the rate of reproductivity of males. Furthermore, while the data in Table 7 of that same 

paper do appear to support Nagln's conclusions, only one replicate was performed of each 

experimental treatment, making It Impossible to analyze these data statistically. Further replication 

of these experiments Is desirable. 

Mensa-Sonsu {1976} studied the Inhibition of reproductivity In Porotermes adamsoni 

(Termopsldae). Thirty-six experimental cultures were established. Each one contained 50 Immature 

Instars. The following combinations of replacement reproductives were added to the cultures: one 

male; two males; one male and one female; one female; and two females. No reproductives were 

added to the control cultures. Six replicates were performed of each experimental treatment. The 

experimental cultures were maintained for periods of time varying from 21 to 33 days. During this 

time, the cultures were examined daily, and all newly molted reproductives were removed and 

sexed. 

The results are shown In Table 6 of Mensa-Sonsu {1976}. On the basis of these results, 

Mensa-Sonsu concluded that one or two male reproductives partially Inhibited males but do not 

Inhibit females, and that one or two female reproductives partially Inhibit females but do not inhibit 
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males. Male and female reproductives stimulate one another to inhibit reproductivity, so that a pair 

of reproductives is needed to effect complete inhibition of either sex. 

The reliability of these data is open to question. There is no indication that any steps were 

taken to control the effects of inter-colony variation in reproductivity. Furthermore, these data were 

not analyzed statistically to determine whether there were any significant differences between 

treatments in the rates of male reproductivity or female reproductivity, and they were not presented 

in such a way as to make it possible to carry out such analysis. Finally, since mortality was high in 

all experimental treatments, only a small number of individuals survived differentiate into replacement 

reproductives, (in most cases fewer than two per culture), which of course increases the likelihood 

that any differences between treatments could be the result of chance. For these reasons, this study 

must be regarded as inconclusive. 

The conclusions of these seven studies are summarized in Table 1. The reason that I have 

gone on at such exhaustive (and exhausting) length is to underscore the difficulties inherent in this 

kind of study. In this study I have endeavoured to employ approriate controls and adequate sample 

sizes In order to obtain a definitive answer to the question of whether inhibition of reproductivity is 

sex-specific In Z. nevadensls. 

MATERIALS AND METHODS 

Composition of Experimental Cultures: 

Colonies of Z. nevadensls used in this study were collected between June and August of 

1988, In the San Bernadino National Forest, San Bernadino County, and In Pebble Beach, Monterey 

County. Colonies were extracted and maintained according to the procedures described in Chapter 

Five. No Individuals were removed from any of these colonies until October 3, 1988, when all of the 

experimental cultures were established. 

Sixty-six experimental cultures were established (Table 2). Each culture contained 40 

pseudergates. The following combinations of replacement reproductlves and soldiers were added 



to the cultures: 

Treatment I: one male reproductive and one female reproductive 

Treatment II: one male reproductive 

Treatment III: one female reproductive 

Treatment IV: no reproductives and no soldiers 

Treatment V: two male soldiers 

Treatment VI: two female soldiers 
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Thus, there were six experimental treatments. Eleven replicates were performed of each 

experimental treatment. 

Termites from four stock colonies were used for this study: Colonies 10, 12, 13, and 14 

(Chapter Five). Pseudergates and soldiers for three replicates of each experimental treatment 

(replicate numbers 4, 5, and 6) were taken from Colony # 10. Pseudergates and soldiers for one 

replicate of each experimental treatment (replicate number 3) were taken from Colony # 12. 

Pseudergates and soldiers for four replicates of each experimental treatment (replicate numbers 7, 

8,9, and 10) were taken from Colony # 13. Pseudergates and soldiers for three replicates of each 

experimental treatment (replicate numbers 1, 2, and 11) were taken from Colony # 14. This 

procedure served to randomize the effects of intercolony variability in the rate of reproductivity. 

All reproductives supplied to the cultures in Treatments I, II, and III were taken from Colony # 13, 

because the other stock colonies lacked a sufficient number of reproductives to make it possible 

to supply each experimental culture with a reproductive taken from the same stock colony that the 

pseudergates and soldiers for that replicate were taken. The foster reproductives were readily 

accepted In all cultures to which they were supplied, and mortality among foster reproductives was 

low (see Results), 

Maintenance of Experimental Cultures: 

Each culture was housed In a 100X20 mm petri dish, Each culture was provided with an 

abundance of wood chips derived from the logs from which the colonies had been extracted, Wood 
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was autoclaved before use In order to reduce mortality from fungal infection (Becker 1969). Each 

culture was provided with one 4-cm3 block of 1.5% agar each week for moisture. 

Each culture was examined daily, and all dead individuals were removed. Whenever any 

reproductive that had been supplied to any of the cultures in Treatments I, II, or III died, it was 

replaced by another reproductive from Colony # 13. Whenever any soldier that had been supplied 

to any of the cultures In Treatments V or VI died, it was replaced by another soldier of the same sex 

(taken from the same stock colony from which the pseudergates and soldiers for that culture had 

been derived) unless there were ten or fewer pseudergates remaining In the culture, In which case 

the soldier was not replaced. If the second soldier died, it was replaced by another soldier (taken 

from the same stock colony from which the pseudergates and soldiers for that culture had been 

derived) and the number of soldiers in that culture was maintained at one until the end of the 

experiment. 

Newly molted Individuals were removed from the cultures daily. Since it Is Impossible to 

ascertain for some time after the molt whether an individual Is an immature instar or a replacement 

reproductive (Chapter Four), each newly molted Individual was sequestered for five days, at which 

pOint Its sex and caste were recorded. 

Each culture was maintained for a period of 104 days or until all pseudergates had either 

molted or died, whichever came first. Not all pseudergates had molted or died by the end of the 

experiment. 

Data Analysis: 

Analysis of Variance was employed to test for significant differences between treatments in 

the rates of mortality and In the developmental potentialities of pseudergates. Except where 

otherwise noted, degree of freedom = 1. Levels of significance were set at p = 0.05. 
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1. Mortality: 
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a) Mortality of reproductives: Table 3 shows the mortality of the reproductives supplied to 

the cultures in Treatments I, II, and III. Most of the reproductives supplied to these cultures survived 

until the end of the experiment. In only one of the cultures (1-6) did any reproductive have to be 

replaced more than once. 

b) Mortality of soldiers: Table 4 shows the mortality of the soldiers supplied to the cultures 

In Treatments V and VI. Most of these cultures lost at least one soldier by the end of the experiment. 

There was no significant difference in the rate of mortality between the male soldiers supplied to the 

cultures in Treatment V and the female soldiers supplied to the cultures in Treatment VI (p 

0.9062). 

c) Mortality of pseudergates: Table 5 shows the mortality of the pseudergates in all 

experimental treatments. There was no significant difference in the rate of mortality of pseudergates 

between any of the treatments (p = 0.4092, d.f. = 5). 

2. Control of Reproductlvity in Pseudergates: 

Table 6 shows the outcome of all the molts of all individuals that had molted by the end of 

the experiment. 

a) Effects of reproductlves on the reproductlvlty of same-sex pseudergates: Reproductlvity 

of rnale pseudergates was significantly lower In cultures with a single male reproductive present 

(Treatment II) than In cultures with no reproductives present (Treatment IV), indicating that a single 

male reproductive inhibits reproductlvity in males (p = 0.0005). Reproductlvity of female 

pseudergates was significantly lower in cultures with a single female reproductive present (Treatment 

/II) than in cultures with no reproductives present (Treatment IV), indicating that a single female 

reproductive Inhibits reproductlvity In females (p = 0.0014). 

b) Effects of reproductives on the reproductivity of opposite-sex pseudergates: There was 

no Significant effect of reproductives on the reproductivity of pseudergates of the opposite sex. 
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Indeed, there was not even a consistent trend in this direction. Reproductivity of male pseudergates 

was slightly higher in cultures with a single female reproductive present (Treatment III) than in 

cultures with no reproductives present (Treatment IV) (p = 0.5702). By contrast, reproductivity of 

female pseudergates was slightly lower in cultures with a single male reproductive present 

(Treatment II) than In cultures with no reproductives present (Treatment IV) (p = 0.3778). 

c) Effects of reproductives on the inhibitory influence of opposite-sex reproductives: There 

was no Significant effects of reproductives on the inhibitory Influence of opposite-sex reproductives. 

Indeed, there was not even a consistent trend in the direction. Reproductivity of male pseudergates 

was slightly lower in cultures with a pair of reproductives present (Treatment I) than In cultures with 

a single male reproductive present (Treatment II) (p = 0.6127). By contrast, reproductivity of female 

pseudergates was slightly ~ In cultures with a pair of reproductives present (Treatment I) than 

in cultures with a single female reproductive present (Treatment III) (p = 0.5855). 

d) Effects of soldiers on the reproductivity of pseudergates: There was no Significant 

difference between cultures with no reproductives and no soldiers present (Treatment IV) and those 

with two male soldiers present (Treatment V) in the rate of reproductivity of male pseudergates (p 

= 0.6102), female pseudergates (p = 0.9585), or males and female pseudergates combined (p = 

0.4613). There was no significant difference between cultures with no reproductives and no soldiers 

present (Treatment IV) and those with two female soldeirs present (Treatment VI) In the rate of 

reproductivity of male pseudergates ( p = 0.3750), female pseudergates (p = 0.9516), or male and 

female pseudergates combined (p = 0.5328). Indeed, contrary to what might have been expected 

In the light of the findings of previous researchers, in every one of these cases, the average rate of 

reproductlvlty was slightly lower In cultures with soldiers than In those without. 

3. Soldier Determination: 

Only four presoldler molts occurred in all the cultures (one In each of the following cultures: 

1-1, 11-7, 111-7, and VI-11), so It was not possible to use these data to test for any effects of 

reproductlves or soldiers on soldier determination. 
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DISCUSSION 

The scheme of caste determination that emerges from this study is depicted in Figure 6. 

Males inhibit reproductivity only in males, and females inhibit reproductivity only in females. These 

findings are in accordance with those of Castle (1934) for Z. angusticollis and Grasse and Noirot 

(1960) for K. flavicollis. No evidence was found to support the hypothesis that reproductives inhibit 

reproductivity in individuals of the opposite sex, as has been claimed for Z. nevadensis (Light 1942-

1943), N. J.Q.u!m! (Nag in 1972), andE:. adamsoni (Mensa-Sonsu 1976a). Nor Is there any reason to 

expect that to be the case. An individual reproductive stands to gain by inhibiting reproductivity in 

members of its own sex, which are its potential competitors. An individual does not stand to gain, 

and in fact stands to lose, by inhibiting reproductivity in members of the opposite sex, since if an 

individual's mate dies, it Is to that individual's advantage for a replacement to arise as quickly as 

possible. 

No evidence was found to support the hypothesis that the reproductivity of pseudergates 

Is enhanced by the presence of a reproductive of the opposite sex, as has been claimed for K. 

flavicollis (Luscher 1961). Nor is there any reason to expect that to be the case. It should be to an 

individual's advantage to differentiate into a replacement reproductive as quickly as possible once 

the inhibitory influence is lifted; the individual should not require any additional stimulus to induce 

it to do so. 

No evidence was found to support the hypothesis that reproductives require the presence 

of a reproductive of the opposite sex to stimulate them to inhibit reproductivity, as has been claimed 

for ..Ii. flevicollis (Luscher 1961) and E:. adamsoni (Mensa-Sonsu 1976a). Nor is there any reason to 

expect that to be the case. It Is to an individual reproductive's advantage to inhibit reproductivity 

in nestmates of its own sex, at all times, whether or not a mate of the opposite sex is present. 

In short, the simplest and most evolutionarily plausible scheme is one in which 

reproductives inhibit reproductivity in their own sex, and only in their own sex, completely and at 

all times. This Is exactly what was found to be the case in Z. nevadensls. 
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Figure 6. Inhibition of reproductlvity in .& nevadensis. 
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No evidence was found to support the hypothesis that soldiers stimulate reproductivity in 

pseudergates. Springhetti (1969a, 1976) found that soldiers stimulate reproductivity In pseudergates 

of K. flavlcoIJis, but Luscher (1972, 1973) and Greenburg and Stuart (1982) found no such effect in 

Z. angustlcoIJis, so perhaps this is not a general phenomenon in termites. 



Reported effects on reproductivity: 

Castle 1934 light 
1942-1943 

Light Luscher 1961 
and Weesner 1953 Reproductlves 

Initially present: Z. angusticollis Z. nevadensis 
Hale Female Hale Female 

Z. angustlcollis K. flavicollis 
Hale Female 

1 1 
o 0 
1 0 
o 1 

Evidence for 
stimulatory effects 
of male and female 
reproductives on 
one another? 

++ ++ 

++ 
++ 

NO 

Hale Female Hale Female 
++ 

+ 
+ 

++ 

+ 
+ 

NO 

++ 

+ 
+ 

++ - Strong inhibition 
+ - Partial inhibition 

- No effect 
* - Stinulation 

++ 

+ 
+ 

NO 

++ ++ 

* 
+ 

YES 

Table 1. Inhibition of rcproductivity in termites. 

Grasse and 
Nolrot 1960 
K. flevicollis 
Hele Female 

++ ++ 

++ 
++ 

NO 

Nagin 1972 

N. joutel! 
Hele Female 

++ ++ 

+ + 
+ ++ 

NO 

Hensa·Bonsu' 1976 

P. adamson! 
Hale Female 

++ ++ 

+ 
+ 

YES 

lJ1 
N 
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Table 2. Composition of experimental colonies of Z. nevadensis. 

Treatment # Reproductives Soldiers Pseudergates 

Male Female Male Female 

1. 0 0 40 

2. 0 0 0 40 

3. 0 0 0 40 

4. 0 0 0 0 40 

5. 0 0 2 0 40 

6. 0 0 0 2 40 



Table 3. Mortality of reproductives inn experimental cultures of Z. nevadensls. 

Replicate # Dates of death of reproductive in culture: 

1-1 * 

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

1-8 

1-9 

1-10 

1-11 

11/19/83 (Male) 

* 

* 

12/18/88 (Female) 

10/23/88 (Male) 12/26/88 (Male) 

1/2/88 (Male) 

12/20/88 (Male) 

* 

* 

12/5/88 (Male) 

* Indicates that reproductives survived to the end of the experiment. 
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Table 3 continued. 

Replicate II 

11-1 

11-2 

11-3 

11-4 

11-5 

11-6 

11-7 

11-8 

11-9 

11-10 

11-11 

Dates of death of reproductive In culture: 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* Indicates that reproductives survived to the end of the experiment 
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Table 3 continued. 

Replicate # 

111-1 

Dates of death of reproductive in culture: 

* 

111-2 * 

111-3 * 

111-4 * 

111-5 * 

111-6 * 

111-7 * 

111-8 * 

111-9 * 

111-10 * 

111-11 * 

* Indicates that reproductives survived to the end of the experiment 
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Table 4. Mortality of soldiers in experimental cultures of Z.nevadensis. 

Replicate # 

V-l 

V-2 

V-3 

V-4 

V-5 

V-6 

V-7 

V-8 

V-9 

V-l0 

V-l1 

Dates of death of soldier in culture: 

10/10/88.10/16/88.10/19/88.11/21 /88 (not replaced). 11/28/88.12/6/88 

10/11/88 

* 

* 

12/21/88 

12/7/88 (not replaced) 

10/13/88.11/13/88 (not replaced) 

10/19/88. 11/7/88 (not replaced). 11/11/88. 11/13/88 

* 

1 /3/88 (not replaced) 

10/27/88. 11/30/88. 12/26/88 

* indicates that both soldiers survived to the end of the experiment. 
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Table 4 continued. 

Replicate # Dates of death of soldier in culture: 

VI-1 10/11/88,10/16/88,11/5/88 (not replaced) 

VI-2 10/10/88, 10/17/88, 11/6/88 (not replaced), 11/14/88, 11/24/88 (not 

replaced) 

VI-3 10/19/88,11/1/88,11/5/88 

VI-4 * 

VI-5 * 

VI-6 * 

VI-7 11/7/88, 11/22/88 (not replaced) 

VI-S 1/2/89 (not replaced) 

VI-9 11/14/88 (not replaced) 12/15/88 

VI-10 10/25/88, 12/26/88 

VI-11 10/11/88 

* Indicates that both soldiers survived to the end of the experiment 
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Table 5. Cumulative mortality of pseudergates in experimental cultures of Z. nevadensis. 

Cumulative mortality 
Replicate # of pseudergates: 

1-1 4 

1-2 28 

1-3 

1-4 7 

1-5 15 

1-6 

1-7 12 

1-8 17 

1-9 18 

1-10 21 

1-11 16 

11-1 39 

11-2 12 

11-3 7 

11-4 14 

11-5 17 

11-6 19 

11-7 4 

11-8 8 

11-9 2 

11-10 30 

11-11 0 
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Table 5 continued. 

Cumulative mortality 
Replicate # of pseudergates: 

111-1 2 

111-2 

111-3 2 

111-4 0 

111-5 

111-6 15 

111-7 7 

111-8 16 

111-9 5 

111-10 18 

111-11 19 

IV-1 6 

IV-2 0 

IV-3 32 

IV-4 8 

IV-5 18 

IV-6 15 

IV-7 21 

IV-8 0 

IV-9 8 

IV-10 0 

IV-11 18 
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Table 5 continued. 

Cumulative mortality 
Replicate # of pseudergates: 

V-1 37 

V-2 39 

V-3 2 

V-4 4 

V-5 20 

V-6 27 

V-7 19 

V-8 25 

V-9 2 

V-10 5 

V-11 11 

VI-1 36 

VI-2 34 

VI-3 18 

VI-4 8 

VI-5 

VI-6 16 

VI-7 31 

VI-8 9 

VI-9 20 

VI-10 3 

VI-11 0 
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CHAPTER THREE. EFFECTS OF GROUP SIZE AND OF REPRODUCTIVES ON THE DEVELOPMENT 

OF LAST-STAGE NYMPHS OF ZOOTERMOPSIS NEVADENSIS 

INTRODUCTION 

A last stage nymph of Zootermopsis nevadensis may pursue any of a variety of 

developmental options. It may undergo a stationary molt without manifesting any change in outward 

appearance. Stationary molts have also been recorded in Incisitermes minor (= Kalotermes minor) 

(Harvey 1934), In Kalotermes flavicoliis (SprlnghettI1969a,b, 1970, 1971, 1972; Noirot 1985a) and 

in three Australian species of Kalotermes (Sewell and Watson 1981; Watson and Sewell 1981, 1985). 

Alternatively, a last-stage nymph may molt into a nymphoid reproductive or Into an alate, or it may 

abscise its wing pads without undergoing a molt (Myles 1983, 1988). These wlng-pad-abscised 

nymphs comprise a totipotent caste (Myles 1983, 1988; Hahn and Smith unpublished data). They 

can develop Into nymphold reproductives or ergatold reproductives, or Into presoldlers, or they can 

re-grow their wing pads and re-enter the alate line of development. In the presence of functional 

reproductives, most wing-pad abscised nymphs develop into pseudergates. Thus, we may regard 

wing-pad abscission In Zootermopsls as analogous or possibly homologous to regressive molting 

in the Kalotermitldae (Myles 1988). 

While much work has been done on the determination of the replacement reproductive 

caste In termites, little Is known about the determination of the alate caste and the control of the 

developmental options of last-stage nymphs. It is common knowledge that termite colonies in nature 

do not produce alates until they reach a certain size (I.e., Heath and Wilbur 1928; Heath 1931; 

Grasse and Nolrot 1958; Luscher 1961; Nutting 1969). This pattern Implies an effect of group size 

on alate determination, although no controlled studies have been done on the matter. 

Sprlnghettl (l969a,b, 1970, 1971, 1972) found that the royal pair In K. flavicollis Inhibit alate 

development and promote stationary and regressive molts In last-stage nymphs. The royal pair has 

been shown to Inhibit the switch from the worker line to the alate line In Bellicositermes natalensis 
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(= Macrotermes bellicosus) (Bordereau 1975a,b), Nasutitermes capoensls) (Lefeuve 1987), and in 

Coptotermes lacteus) (Lenz et al 1988). 

The purpose of this study was to determine the effects of group size and of reproductives 

on the development of last-stage nymphs of Zootermopsis nevadensls. 

MATERIALS AND METHODS 

Composition of Experimental Cultures: 

Two series of experimental cultures were established: Series I and Series II. All termites 

used in this study were collected in the EI Dorado National Forest In EI Dorado County, California. 

All colonies were extracted and maintained according to the procedures described in Chapter Five. 

For both series of experiments, all experimental cultures were established simultaneously and 

colonies were maintained intact (I.e., no individuals were removed from any of the stock colonies) 

until the day that all experimental cultures were established. 

For Series I, 20 experimental cultures were established (Table 7a). Each culture contained 

40 long-wing-padded nymphs (presumably seventh-stage nymphs). One male and one female 

replacement reproductive were added to each culture in Treatment I. No reproductive were added 

to any of the cultures in Treatment /I. Ten replicates were performed of each experimental treatment. 

All nymphs and reproductlves used in this study were taken from a single large stock colony 

(Colony # 18). This procedure served to obviate the problem of Inter-colony variation in the 

developmental potentialities of nymphs. All experimental cultures for this series were established on 

August 13, 1989. 

For Series II, 20 experimental cultures were established (Table 7b). There were four different 

experimental treatments. Each culture In Treatment I contained 40 long-wing padded nymphs, one 

male replacement reproductive, and one female replacement reproductive. Each culture in 

Treatment /I contained 40 long-wing-padded nymphs. Each culture in Treatment III contained 200 

long-wing-padded nymphs, one male replacement reproductive, and one female replacement 
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reproductive. Each culture In Treatment IV contained 200 long-wing-padded nymphs. Five replicate 

were performed of each experimental treatment. Nymphs for one replicate of each experimental 

treatment were taken from each of the following colonies: colonies number 19, 20, 21, 22, and 23. 

This procedure served to randomize inter-colony variation in the developmental potentialities of 

nymphs. All reproductives supplied to the cultures in Treatments I, II, and III were taken from Colony 

# 21, because the other stock colonies lacked a sufficient number of reproductives to make it 

possible to supply each experimental culture with a reproductive taken from the same stock colony 

that nymphs for that replicate were taken. All experimental cultures for this series were established 

on April 24, 1990. 

Maintenance of Experimental Cultures: 

Each culture in Series I were housed in 100X20 mm petri dishes. Each culture in Series" 

were housed In 150X20 mm petri dishes. Each culture was provided with an abundance of wood 

chips taken from the logs from which the colonies were extracted. Wood was autoclaved before use 

in order to reduce mortality from fungal infection (Becker 1969). In order to provide moisture, each 

culture in Series I was provided with one 4-cm3 piece of agar each week. Each culture in Series " 

was provided with two 4-cm3 pieces of agar each week. 

All cultures were examined dally and any dead individuals were removed. Whenever any 

reproductive died, it was rep/aced with another one of the same sex, taken from the same stock 

colony from which the Original reproductives for that series were taken. All newly transformed were 

removed dally as well. (I define a "transformation" as either a molt or a wing-pad abscission). Since 

it Is impossible until some time after the molt to ascertain whether an individual is an immature instar 

or a rep/acement reproductive, each newly transformed individual was sequestered for five days, 

at which point its caste was recorded. 

All cultures In Series I were maintained for 208 days, or until all nymphs had either 

underwent a transformation or died. All nymphs In all cultures in this series had either transformed 

or dIed by the end of the experIment. All cultures in Series" were maIntained for 1 04 days, or until 
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all nymphs had either underwent a transformation or died. Not all nymphs in all cultures in this 

series had either transformed or died by the end of the experiment. 

Data Analysis: 

Analysis of Variance was employed to test for significant differences between treatments 

in the rates of mortality and in the developmental potentialities of nymphs. Except where otherwise 

noted, degree of freedom = 1. Levels of significance were set at p = 0.05. 

RESULTS 

1. Mortalitv: 

a) Mortality of reproductives: Mortality of reproductive3 in Series I is shown in Table Ba. 

Most of the reproductives supplied to the cultures in Treatment I survived to the end of the 

experiment. 

Mortality of reproductives in Series /I is shown in Table ab. Mortality of the reproductives 

supplied to the cultures with 40 nymphs present (Treatment I) was significantly higher than in the 

cultures with 200 nymphs present (Treatment III) (p = 0.0231). 

b) Mortality of nymphs: Mortality of nymphs in Series I is shown in Table 9a. There was no 

significant difference in the rate of mortality of nymphs between the two experimental treatments (p 

= 0.0980). 

Mortality of nymphs in Series /I is shown in Table 9b. There was no significant difference 

between treatments in the rate of mortality of nymphs (p = 0.0805, d.f. = 3). 

2. Effects of Reoroductlves on the Development of Last-Stage nymphs: 

The outcome of all transformations in all cultures in Series I is shown in Table 10a. The 

majority of individuals that underwent transformations underwent stationary molts. The outcome of 

all transformations in all cultures in Series /I is shown in Table 10b. The majority of individuals that 

underwent transformations molted into alates. 

a) Replacement reproductive molts: As expected, the presence of reproductlves was found 
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to Inhibit differentiation Into nymphoid reproductives. In Series I, the rate of differentiation into 

nymphoid reproductives was significantly lower in cultures supplied with 40 nymphs and a pair of 

reproductives (Treatment I) than In cultures with 40 nymphs and no reproductives (Treatment II) (p 

= 0.0027). Likewise, in Series II, the rate of differentiation Into nymphoid reproductives was 

significantly lower in cultures supplied with 200 nymphs and a pair of reproductives (Treatment III) 

than In cultures with 200 iiymphs and no reproductives (Treatment IV) (p = 0.0479). The same trend 

Is evident when we compare the rate of differentiation Into nymphoid reproductives in cultures 

supplied with 40 nymphs and a pair of reproductlves (Treatment I) with that In cultures with 40 

nymphs and no reproductives (Treatment II). A total of six nymphoid reproductives differentiated in 

cultures In Treatment II, as compared with none in Treatment I, although In this case the trend in 

not statistically significant (p = 0.7203). 

b) Stationary molts: There was no significant effect of reproductives on the rate of stationary 

molts. Indeed, there was not even a consistent trend in this direction. In Series I, the rate of 

stationary molts was slightly higher In cultures supolied with a 40 nymphS and a pair of 

reproductives (Treatment I) than cultures with 40 nymphs and no reproductives (Treatment II) (p = 

0.4566). The opposite trend was evident in the results from Series II. The rate of stationary molts 

was slightly lower In cultures supplied with 40 nymphs and a pair of reproductives (Treatment I) than 

In cultures supplied with 40 nymphs and a no reproductives (Treatment II) (p = 0.4539), and it was 

also slightly lower In cultures supplied with 200 nymphs and a pair of reproductives (Treatment III) 

than In cultures with 200 nymphs and no reproductives (Treatment IV) (p = 0.1028). 

c) Wing-pad abscissions: There was no significant effect of reproductives on the rate of 

wing-pad abscissions. Indeed, there was not even a consistent trend In this direction. In Series I, 

the rate of wing-pad abscissions was slightly higher in cultures supplied with 40 nymphs and a pair 

of reproductives (Treatment I) than In cultures 40 nymphs and no reproductives (Treatment II) (p 

= 0.2457). The opposite trend was evident in the results from Series II. The rate of wing-pad 

abSCissions was sll1htly lower in cultures supplied with 200 nymphs and a pair of reproductives 
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(Treatment III) than in cultures with 200 nymphs and no reproductives (p = 0.1062). No wing-pad 

abscissions occurred in any cultures in either Treatment I or Treatment II of Series II. 

d) Alate molts: There was no significant effect of reproductives on the rate of alate molts. 

Indeed, there was not even a consistent trend In this direction. In Series I, the rate of alate molts 

was slightly lower In cultures supplied with 40 nymphs and a pair of reproductives (Treatment I) than 

In cultures with 40 nymphs and no reproductives (Treatment II) (p = 0.1280). The opposite trend 

was evident In the results from Series Ii. The rate of alate molts was slightly higher in cultures 

supplied with 40 nymphs and a pair of reproductives (Treatment I) than in cultures with 40 nymphs 

and no reproductives (Treatment II) (p = 0.6701), and it was also slightly higher in cultures supplied 

with 200 nymphs and a pair of reproductlves (Treatment III) than in cultures with 200 nymphs and 

no reproductives (Treatment IV) (p = 0.7309). 

3. Effects of Increased Group Size on the Development of Last-Stage Nymphs: 

a) Replacement Reproductive Molts: Increased group size promotes differentiation into 

nymphold reproductives. The rate of differentiation into nymphoid reproductives was significantly 

higher In cultures supplied with 200 nymphs and a pair of reproductives (Treatment III, Series II) 

than In cultures with 40 nymphs and a pair of reproductlves (Treatment I, Series II) (p = 0.0118). 

The same trend Is evident when we compare the rate of differentiation Into nymphoid reproductives 

In cultures supplied with 200 nymphS and no reproductlves (Treatment IV, Series II) with that in 

cultures with 40 nymphS and no reproductives (Treatment II, Series II), although In this (:Ise the 

trend is not statistically significant (p = 0.5495). 

b) Stationary molts: There was no significant difference In the rate of stationary molts 

between cultures supplied with 200 nymphs and a pair of reproductives (Treatment III, Series Ii) and 

cultures with 40 nymphs and a pair of reproductives (Treatment I, Series II) (p = 0.0734). Likewise, 

there was no significant difference In the rate of stationary molts between cultures supplied with 200 

nymphs and no reproductives (Treatment IV, Series II) and cultures with 40 nymphs and no 

reproductives (Treatment II, Series II) (p = 0.4692). Indeed, in both cases, the rate of stationary 
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molts Increased slightly with increased group size, contrary to what might have been expected in 

the light of the findings of previous researchers (see Discussion). 

c) Wing-pad abscission: The rate of wing-pad abscission was significantly greater in cultures 

supplied with 200 nymphs and no reproductives (Treatment IV, Series II) than in cultures with 40 

nymphs and no reproductives (Treatment II, Series II) (p = 0.0049). However, caution is indicated 

in Interpreting these results. Only two wing-pad abscission occurred in the cultures in Treatment IV. 

and none in any of the cultures in Treatment II. The small total number of wing-pad abscissions that 

occurred suggest that any difference between treatments in the rate of wing-pad abscission may 

be a statistical artifact without any biological significance, and at any rate the trend is opposite to 

what might have been expected in the light of the findings of previous researchers (see Discussion). 

No wing-pad abscissions occurred in any cultures in either Treatment I or Treatment III of 

Series II. 

d) Alate molts: There was no significant difference in the rate of alate molts between 

cultures supplied with 200 nymphS and a pair of reproductives (Treatment III, Series II) and cultures 

with 40 nymphs and a pair of reproductives (Treatment I, Series II) (p = 0.1047). Ukewise, there was 

no significant difference in the rate of alate molts between cultures supplied with 200 nymphs and 

no reproductives (Treatment IV, Series II) and cultures with 40 nymphs and no reproductives 

(Treatment II, Series II) (p = 0.5650). Indeed, in both cases, the rate of alate molts decreased 

slightly with increased group size, contrary to what might have been expected in the light of the 

findings of previous researchers (see Discussion). 

DISCUSSION 

These results indicate that in Z. nevadensis, increased group size promotes differentiation 

into replacement reproductives. To my knowledge, this is the first time this phenomenon has been 

reported. These results also clearly indicate that the presence of reproductives inhibits differentiation 

into replacement reproductlves, a pOint which has been amply confirmed by previous researchers. 
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Previous researchers, working on K. fJavlcollis and on various subterranean termites, have 

consistently reported that reproductives inhibit the switch from the worker line to the alare line of 

development, and that Increased group size promotes the switch from the worker line to the alate 

line of development. In the light of these findings, we might have expected that, in Z. nevadensis, 

1) the presence of reproductlves ought to Increase the rate of stationary molts and wing-pad 

abscission, and to decrease the rate of alate molts, and 2) Increased group size ought to decrease 

the rate of stationary molts and Wing-pad abscission, and to Increase the rate of alate molts. 

However, no evidence of this pattern was found. How, then, do we account for the fact that colonies 

of Z. nevadensls In nature do not begin to produce alates until they number approximately 500 

Individuals? To answer that question, we need to keep in mind that these laboratory cultures are 

monocultures made up exclusively of seventh-stage nymphs -- a situation which never exists in 

nature. Colonies in nature may contain every Instar from the first Instar to the seventh Instar, and 

I suggest that In such colonies a form of nutritional castration may delay the onset of alate 

development. 

Shellman-Reeve (1990) has studied the role of nitrogen availability in shaping the social 

behavior of Z. nevadensls, and she reported 1) that low nitrogen availability limits the reproductive 

success of founding pairs of alates, and 2) that stored nitrogen (in the form of urate) Is low in the 

"nutrient-gathering" castes (pseudergates, older nymphs) and Is high In the nutrient-receiving castes 

(f1rst- and second-stage nymphs, soldiers, reproductives). These findings indicates that the nutrient

gathering castes are transferring nitrogen to the nutrient-receiving castes. I suggest that an Individual 

must accumulate a certain amount of nitrogen before it is able to develop Into an alate, and that 

older nymphs which are transferring nitrogen to younger ones are less able to do so. 

If this hypothesis Is correct, then we should expect that the onset of alate development is 

determined not by the number of Individuals present or by some pheromonal Influence exerted by 

the royal pair, but rather by the ratio of nutrient-gathering individuals to the ratio of nutrient-receiving 

Individuals in the colony. If this be the case, then it would seem that the evolution of the 
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determination of the alate reproductive caste in the termites has proceeded along the same lines 

as In the social Hymenoptera. That Is to say, In the most primitive termites, as exemplified by 

Zootermopsis, last stage nymphs appear to be inhibited from developing into alate reproductives 

by a form of nutritional castration, while in the more advanced species of termites, as exemplified 

by Kalotermes and by the subterranean termites, a system of pheromonal control has been 

superimposed onto this system of nutritional control of alate determination. 



Table 7a. Composition of experimental cultures of Z. nevadensis (Series I). 

Series I: 

Treatment # Male reproductives 

" o 

Female reproductives 

o 

40 

40 

Nymphs 

Table 7b. Composition of experimental cultures of Z. nevadensls (Series II). 

Series II: 

Treatment # Male reproductives Female reproductives Nymphs 

40 

II 0 0 40 

'" 1 200 

IV 0 0 200 

72 
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Table ea. Mortality of reproductives in experimental cultures of Z. nevadensis (Series I). 

Replicate # Dates of death of reproductive in culture: 

1·1 * 

I~ * 

I~ * 

1-4 10/31/89 (Male) 11/2/89 (Male) 

1·5 8/17/89 (Male) 

I~ * 

1·7 9/23/89 (Female) 

I~ * 

1·9 9/10/89 (Male) 9/26/89 (Female) 

1·10 * 

* Indicates that both reproductives survived to the end of the experiment. 
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Table ab. Mortality of reproductives in experimental cultures of Z. nevadensis (Series II). 

Replicate # Dates of death of reproductives In culture: 

1-1 6/2/90 (Male) 6/18/90 (Female) 

1-2 5/16/90 (Male) 5/17/90 (Male) 5/19/90 (Female) 6/1/90 (Male) 7/19/90 

1-3 

1-4 

1-5 

111-1 

111-2 

111-3 

111-4 

111-5 

(Female) 

6/1/90 (Male) 6/2/90 (Male) 7/19/90 (Male) 7/22/90 (Female) 

4/29/90 (Female) 6/1/90 (Male) 6/18/90 (Female) 6/25/90 (Male) 7/7/90 

(Male) 

6/2/90 (Male) 6/28/90 (Female) 

7/22/90 (Male) 7/25/90 (Female) 

* 

7/1/90 (Male) 7/27/90 (Female) 

* 

* 

* Indicates that both reproductives survived to the end of the experiment. 
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Table 9a. Mortality of nymphs In experimental cultures of .L nevadensis (Series I). 

Cumulative mortality % mortality 
Replicate # of nymphs of nymphs 

1-1 14 35.5 

1-2 31 77.5 

1-3 26 65.0 

1-4 28 70.0 

1-5 40 100.0 

1-6 40 100.0 

1-7 40 100.0 

1-8 40 100.0 

1-9 27 67.5 

1-10 38 95.0 

11-1 39 97.5 

11-2 13 32.5 

11-3 17 42.5 

11-4 34 85.0 

11-5 40 100.0 

11-6 13 32.5 

11-7 15 37.5 

11-8 38 95.0 

11-9 17 42.5 

11-10 17 42.5 
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Table 9b. Mortality of nymphs in experimental cultures of Z. nevadensis (Series I). 

Cumulative mortality % mortality 
Replicate # of nymphs of nymphs 

1-1 32 SO.O 

1-2 39 97.5 

1-3 34 85.0 

1-4 29 72.5 

1-5 28 70.0 

11-1 23 57.5 

11-2 25 62.5 

11-3 35 87.5 

11-4 20 50.0 

1/-5 4 10.0 

11/-1 150 75.0 

1/1-2 83 41.5 

11/-3 135 67.5 

11/-4 8 4.0 

111-5 53 26.5 

IV-l 166 83.0 

IV-2 93 46.5 

IV-3 85 42.5 

IV-4 37 18.5 

IV-5 38 19.0 
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Table lOa. Outcome of molts in experimental colonies of ~ nevadansis. 

SERIES I: 

TREATMENT REPLICATE , NYMPHS N'lMPHOID ALATES WING-PAD TOTAL 
REPRODUCTIVES ABSCISS IONS 

I 1 17 0 9 0 26 
I 2 7 0 2 0 9 
I 3 14 0 0 0 14 
I 4 10 1 1 0 12 
I 5 0 0 0 0 0 
I 6 0 0 0 0 0 
I 7 0 0 0 0 0 
I 8 0 0 0 0 
I 9 12 0 0 13 
I 10 1 0 0 0 2 
II 1 1 0 0 0 1 
II 2 22 5 0 0 27 
II 3 9 8 6 0 23 
II 4 6 0 0 0 6 
II 5 0 0 0 1 0 
II 6 21 5 0 0 27 
II 7 22 3 0 0 25 
II 8 2 0 0 0 2 
II 9 8 10 5 0 23 
II 10 19 4 0 0 
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Table lOb. Outcome of molts in experimental colonies of b nevadensis. 

SERIES II: 

TREATMENT REPLICATE I NYMPHS !lYMPHOID ALATES WING-PAD TOTAL 
REPRODUCTIVES ABSCISSIONS 

I 1 0 0 8 0 8 
I 2 0 0 1 0 1 
I 3 0 0 4 0 4 
I 4 0 0 11 0 11 
I 5 0 0 11 0 11 
II 1 0 1 11 0 12 
II 2 0 0 15 0 15 
II 3 0 0 5 0 5 
II 4 0 0 20 0 20 
II 5 1 5 30 0 36 
III 1 1 2 43 0 46 
III 2 12 2 94 0 108 
III 3 0 1 62 0 63 
III 4 29 2 156 0 187 
III 5 33 1 111 0 145 
IV 1 2 5 26 1 34 
IV 2 4 6 94 1 105 
IV 3 1 3 110 0 114 
IV 4 18 19 121 0 158 
IV 5 13 25 119 0 157 
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CHAPTER FOUR. CASTE MIMICRY IN ZOOTERMOPSIS. 

INTRODUCTION 

When the primary reproductives are removed from a colony of termites, some of the 

immature Instars differentiate Into replacement reproductives (reviews in Light 1942-1943; Miller 

1969; Wilson 1971; Stuart 1979; Nijhout and Wheeler 1982; Springhetti 1985). In the Kalotermitidae, 

these forms typically are eliminated until just one male and one female are left (Grassl and Sandias 

1893-1894; Kalshoven 1930 In Weesner 1960; Grasse and Nolrot 1946, 1960; Luscher 1952, 1961; 

Ruppli and Luscher 1964 In Stuart 1979; Ruppli 1969 In Stuart 1979; Lenz et al 1982; Myles and 

Chang 1984; Myles 1988). In one case, it was reported that replacement reproductives tended to 

kill their rivals when their rivals were stili teneral and unable to defend themselves (Myles and Chang 

1984). By contrast, fighting among replacement reproductives Is unknown in the Termopsidae. 

Multiple replacement reproductives are often found In colonies of Zootermopsis nevadensis and 

Zootermopsls angusticollls (Chapter Five; see also Castle 1934; Light 1942-1943; Myles 1988) as 

well as in colonies of the closely related species Porotermes adamsoni (Mensa-Bonsu 1976b; Lenz 

1985; Nkunika 1990) and Stolotermes rutlceps (Hill 1926; Morgan 1959). In addition, supernumerary 

replacement reproductives are known to peacefully coexist for long periods of time In laboratory 

cultures of Z. nevadensls and Z. angusticollls (see below; see also Yin and Gillot 1975b; Greenburg 

and Stuart 1982). I have found what I believe to be an extraordinary example of deception in b 

nevadensls and Z. angusticollls. which may explain why multiple replacement reproductlves are not 

actively eliminated in these species. 

MATERIALS AND METHODS 

Colonies of Z. nevadensls were collected from rotten logs In pine forests in various locations 

In Callfomla: the EI Dorado National Forest, EI Dorado County; the San Bernadino National Forest, 

San Bernadino County; and Pebble Beach, Monterey County. Colonies of Z. angystlcollis were 
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collected from rotten logs In pine forests in Pebble Beach, Monterey County, California. Colonies 

of Zootermopsis latlceps were collected from rotten branches on live willow trees growing In riparian 

areas in Arizona, along the Santa Cruz River, Santa Cruz County, and along the San Pedro River, 

Cochise County. 

In order to study the changes taking place following the molt to the replacement 

reproductive form, groups of pseudergates and groups of wlng-pad-abscised nymphs of each of 

the three species of Zootermopsls were held In Isolation from reproductives. Each culture was 

housed in a 100)(20 mm or 150)(20 mm petri dish. Each culture was provided with an abundance 

of wood chips (willow for Z. latlceps, pine for the other two species of Zootermopsis). Wood was 

autoclaved before use In order to reduce mortality from fungal Infection (Becker 1969). Each culture 

was provided with one 4cm3 piece of 1.5% agar each week for moisture. 

Each culture was examined dally, and any dead Individuals were removed. All newly molted 

Individual were removed daily. Each newly molted individual was sequestered in a 100)(20 mm petri 

dish and examined daily with the aid of a dissecting microscope set at 30x for at least five days, 

until it could be determined unambiguously whether that individual was an immature instar or a 

replacement reproductive. 

In order to compare the rates of reproductivity of the three species of Zootermopsls, two 

experimental series were run. Series I was established on April 11, 1990, and consisted of five 

groups of 40 pseudergates of Z. nevadensis and five groups of 40 pseudergates of Z. latlceps. 

Series" was established on July 2, 1990, and consisted of five groups of 40 pseudergates of Z. 

angusticollls and five groups of 40 pseudergates of ~ laticeps. In order to randomize the effects of 

Inter-colony variation In the rate of reproductivlty. the pseudergates for each experimental culture 

were taken from a different stock colony. 

Each culture was housed In a 100)(20 mm petri dish. Each culture was provided with an 

abundance of wood chips (willow for Z. laticeps, pine for the other two species of Zootermopsis). 

Wood was autoclaved before use In order to reduce mortality from fungal Infection (Becker 1969). 
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Each culture was provided with two 4cm3 pieces of 1.5% agar each week for moisture. 

Each culture was examined daily, and any dead individuals were removed. Each culture was 

censused weekly and the number and sex of any replacement reproductives present was recorded. 

Analysis of Variance with one degree of freedom was employed to test for significant 

differences between species In the rate of reproductlvlty. Levels of significance were set at p = 0.05. 

RESULTS 

a) Changes following the molt to the replacement reproductive form: 

The different castes of Z. nevadensis and Z. angustlcollis can be recognized by their 

different setal patterns (Plates 1-2). Nymphs have a thick coat of setae on all abdominal tergites. In 

the pseudergates, the setae are confined largely to the last 4-5 abdominal tergites, while in the 

replacement reproductives, setae are lacking entirely. Newly molted replacement reproductives 

retain the setal patterns of the preceding nymphal or pseudergate Instar. Between 1-7 days after the 

terminal molt, the setae begin to fall out In a very regular and predictable pattern, beginning with 

the setae on the anterior-most tergltes. By 3-26 days after the molt, the setae have all fallen out, and 

the Individual takes on the appearance of the typical replacement reproductive form. 

Z. latlceps exhibits caste-specific setal patterns which In many ways are opposite to those 

of the other two species of Zootermopsis (Plate 3). Pseudergates and nymphs are almost hairless, 

while the replacement reproductives are covered with a thick coat of setae. In this species, the setal 

pattern of the replacement reproductive Is apparent Immediately after the molt. 

b) Rates of reproductivlty: 

The total number of replacement reproductives produced In the experimental cultures is 

shown In Figures 7-8. The rate of reproductivity was significantly lower In b. laticeps than in either 

Z. nevadensls (p = 0.0066) or Z. angustlcollis (p = 0.0450). 
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Plate 1. Caste-specific setal patterns In Z. nevadensls. 

a. Pseudergate 

b. Nymph 
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., 
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Plate 1 continued. 

c. Ergatoid reproductive 

d. Nymphold reproductive 
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Plate 2. Caste-specific setal patterns in Z. angustlcollis. 

a. Pseudergate 

b. Nymph 
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Plate 2 continued. 

c. Ergatoid reproductive 

d. Nymphold reproductive 
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Plate 3. Caste-specific setal patterns in Z. laticeps. 

a. Pseudergate 

b. Nymph 
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Plate 3 contInued. 

c. Ergatoid reproductive 

d. Nymphoid reproductive 
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Figure 7. Comparison of the mean numbers of replacement reproductives produced in 

experimental cultures of Z. nevadensis and k laticeps. 
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Figure 8. Comparison of the mean numbers of replacement reproductlves produced in 

experimental cultures of Z. anqusticollis and Z. latlceps. 
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DISCUSSION 

I hypothesize that the retention of the setal pattern of the immature form by newly molted 

replacement reproductives of Z. nevadensis and Z. angusticollis is a form of caste mimicry which 

enables them to conceal their identity from potential rivals. Then, after the exoskeleton of the newly 

molted replacement reproductive has hardened and the individual is able to defend itself, the setae 

fall out, and the Individual assumes its role as a reproductive in the colony. This accounts for the 

fact that multiple replacement reproductives are common in field-collected colonies of these species, 

in contrast to the situation in most other species of wood-inhabiting termites. 

If this hypothesis is correct, this is the first recorded instance of caste mimicry in a social 

Insect. The hypothesis is based two assumptions: first, that the setal patterns of the different castes 

function in caste recognition in these species, and second, that newly molted replacement 

reproductives do not give off any olfactory cues which could betray their true identity. There is 

evidence that in other species of social insects, olfactory cues which are utilized in kin recognition 

are not produced until some time after an individual has molted. In Mastotermes darwiniensis, 

recently molted replacement reproductives were accepted by foreign colonies, while older ones 

were attacked and killed (Watson and Abbey 1985). Moreover, in several species of social 

Hymenoptera which are known to exhibit kin recognition, non-kin are not discriminated against until 

1-5 days after the molt (Barrows et al 1975; Breed 1983; Carlin and H611dobler 1986; Crossland 

1989). It does not require too great a leap of the imagination to suppose that in Z. nevadensis and 

Z. angustlcolJls olfactory cues which serve to identify the caste which an individual belongs to are 

not produced until some time after the molt. 

Caste mimicry may occur in other species of termopsids as well. Lenz (1985) noted the 

occurrence of "Neotenic/worker intercastes" in P. adamsoni. These are individuals which exhibit the 

pigmentation and gonadal development of replacement reproductives but which have the setal 

pattern of workers. Lenz noted that such creatures appear to be "extremely short-lived." I suggest 

that these individuals are nothing more than newly molted replacement reproductives which still 
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retain the setal pattern of workers. The reason that they appear to be extremely short-lived is that 

soon after an Individual is Identified as a "neotenic/worker intercaste," its setae fall out, and it is no 

longer recognizable as the same individual. 

The remaining member of the genus Zootermopsis, Z. laticeps, exhibits caste-specific setal 

patterns which are in many ways the opposite of those exhibited by the other two species of 

Zootermopsis. Pseudergates and nymphs In this species are almost hairless, while replacement 

reproductives are covered with a thick coat of long setae. This pattern supports the view that the 

function of setal patterns is to facilitate the recognition of castes. However, In contrast to the other 

two species of Zootermopsls, the setal pattern of replacement reproductives of Z. laticeps are 

apparent Immediately after the molt. On the other hand, replacement reproductives are very rare 

in field-collected colonies of b laticeps. Nutting (1970) censused seven colonies of b laticeps and 

found no replacement reproductives. Myles (1988) censused five whole colonies of Z. latlceps and 

found no replacement reproductives. I have censused 11 colonies of Z. laticeps and found one 

COlony with a single pair of replacement reproductives (Chapter Five). Supernumerary replacement 

reproductives have never been found in field-collected colonies of Z. laticeps. Moreover, this field 

data Is supported by my experimental work which shows that the rate of reproductivity is 

significantly lower In Z. latlceps than in the other two species of Zootermopsls. 

I suggest that In the most primitive termites, as exemplified by b laticeps, the rate of 

reproductivity Is so low that multiple replacement reproductives of the same sex seldom or never 

occur, so that replacement reproductive fighting never evolved, and thus there never was any need 

to evolve caste mimicry. I further propose that all species of termopsids which multiple replacement 

reproductives are found will be characterized by the same pattern of setal autolysis following the 

molt to the replacement reproductive form as Z. nevadensis and Z. angusticollis. 
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CHAPTER FIVE. COLONY COMPOSITION IN ZOOTERMOPSIS 

INTRODUCTION 

Wilson (1985) defined "sociogenesis" as the process by which individuals in a colony of 

social Insects undergo changes In caste incident to colonial development. He likened the process 

to morphogenesis In a multicellular organism, and he suggested that more general and exact 

principles of biological organization could be revealed by the meshing of comparable information 

from developmental biology and sociobiology. 

Data on the composition of colonies of social insects provide us with "snapshots," as it 

were, of colonies at various stages of sociogenesis, which could help us to better understand how 

the process takes place. Such data have been published by Bouillon (1964) for three species of 

Aplcotermes; Boullion and Lekle (1964) for Cubitermes sankurensis; Bouillon and Mathot (1964) for 

C. exlguus; Nutting 1970 for eleven species of termites In four different families; Luykx (1986) for 

Inclsitermes schwarzl (Kalotermitidae); Myles (1988) for all three species of Zootermopsis; Nkunika 

(1990) for Porotermes adamsoni; and Darlington (1990) for Macrotermes subhyalinus. In addition, 

Nutting (1969) reviewed the proportion of alates in mature colonies of various species, and the 

proportion of soldiers In various species is reviewed by Haverty (1977). 

MATERIALS AND METHODS 

Colonies of Zootermopsis nevadensis and Zootermopsis angusticollls were collected from 

rotten logs In evergreen forests In various locations in California. Colonies of Zootermopsis laticeps 

were collected from rotten branches on live willow trees in riparian areas in various locations in 

Arizona. Logs containing colonies of termites were brought back to the University of Arizona, where 

they were split apart with the aid of a hammer and chisel so that the termites could be removed. 

Each Individual colony was stored In a single 9x15x30 cm plastic box, along with some of the wood 

the colony came In. Colonies were stored at room temperature. Tap water was added to stock 
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colonies as needed to keep the relative humidity at c. 100%. Each colony was censused as soon 

as practical after it was extracted. 

Each Individual was assigned to one of the following castes: N1-N6 (apterous nymphs or 

nympns with very short wing pads; presumably first through sixth stage nymphs), N7 (Iong-wing

padded nymphs; presumably seventh stage nymphs), wing-pad abscised nymphs, pseudergates, 

presoldlers, soldiers, alates, primary reproductlves, nymphold reproductives (replacement 

reproductives with wing pads), ergatoid reproductives (replacement reproductives without wing 

pads), reproductive soldiers (individuals resembling the reproductive soldiers figured by Heath 

[1903, 1928} and Myles [1986J), and reproductive presoldiers. The sex of all primary reproductives 

and all replacement reproductives (including reproductive soldiers) was also recorded. 

RESULTS 

The composition of 41 colonies of Zootermopsis Is given In Table 11. 

The proportion of Individuals comprising the soldier line (I.e., soldiers and presoldiers) is 

given In Table 12. The correlation between colony size and the proportion of individuals comprising 

the soldier line Is negative for Z. nevadensis and Z. laticeps, and positive for Z. angusticollis. In none 

of these cases Is the correlation statistically significant. 

Of 41 colonies, four were obviously multiple colonies, as evidenced by the presence of 

multiple primary reproductives. Of the remainder, 15 were headed by primary reproductives and 22 

were headed by replacement reproductives. All of these colonies were alate-producing, as 

evidenced by the presence of long-wlng-padded nymphs. 

Table 13 shows the average number of male and female replacement reproductives in 

colonies with at least one primary reproductive miSSing. Of 23 colonies of Z. nevadensis and Z. 

angusticollis with one or both primary reproductives missing, 18 contained supernumerary 

replacement reproductives. By contrast, no supernumerary reproductlves were found In Z. laticeps. 
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DISCUSSION 

Since volume is proportional to the cube of the length, while surface area is proportional 

to the square of the length, as a termite colony increases in size, the surface area that must be 

guarded against intruders becomes relatively smaller. Thus, we might expect that as colony size 

increases, the proportion of individuals in the soldier line should decrease. However, no evidence 

of this pattern was found. Nutting (1970) reported that the proportion of individuals in the soldier 

line of development Is Inversely correlated with colony size In the kalotermitids Marglnitermes 

hubbardl and Pterotermes occldentis; however, the correlation was significant only in M. hubbardi. 

There is no significant correlation between proportion of Individuals in the soldier line and colony 

size In the termitlds A. gurguliflex (Bouillon 1964), A. desneuxl (Bouillon 1964), A. kisantuensis 

(Boullion 1964), C. sankurensis (Bouillon and Lekie 1964), C. exiguus (Bouillon and Mathot 1964), 

or M. subhyalinus (Darlington 1990). Luykx (1986) found no evidence for such a relationship in the 

kalotermitld 1 schwarz!. These findings suggest that the ability of termites to fine-tune adaptive 

control of caste ratios Is limited; alternatively, it may be that the correlation between soldier number 

and colony size Is obscured by seasonal variations in soldier numbers; or that the proportion of 

soldiers varies as a function of some other variable than colony size. 

These data clearly show that colonies headed by primary reproductives produce significant 

numbers of alates. This observation contradicts a key prediction of Bartz' (1979) hypothesis for the 

origin of sociality in termites, which stipulates that alates should be the progeny of replacement 

reproductlves. Bartz's hypothesis was recently the subject of an extensive review by Myles and 

Nutting (1988), who concluded that the conditions required by that hVr'lothesis do not apply to the 

majority of termite species. 

Light (1942-1943) stated that replacement reproductives never develop In the presence of 

the primary pair in Zootermopsls. In colonies that were not obviously multiple colonies, I have found 

only one Instance of a replacement reproductive (in this case, a reproductive soldier) developing 

in the presence of the primary pair. Probably not coincidently, this colony was the largest colony 
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of Zootermopsis that has ever been found that contained the original pair of primary reproductives 

(6,272 Individuals). This finding suggests that the inhibitory influence of the primary pair is'diluted 

as colony size increases. 

Colonies headed by replacement reproductives were common in Z. nevadensis and Z. 

angusticollis but not In Z. latlceps. Only one out of 11 colonies of Z. laticeps was headed by 

replacement reproductives (in this case, a pair of reproductive soldiers). This is the first record of 

replacement reproductives In any field-collected colony of Z. latlceps. Nutting (1970) censused 

seven colonies of Z. laticeps and found no replacement reproducUves, and Myles (1988) censused 

five colonies of Z. laticeps and found no replacement reproductives. 

Supernumerary replacement reproductives were common in Z. nevadensis and Z. 

angusticollis. By contrast, supernumerary replacement reproductives have never been found In 

colonies of Z. latlceps, either by us or by anybody else. These observations are consistent with the 

fact that the rate of reproductivity Is significantly lower in Z. latlceps than in the other two species 

of Zootermopsls (Chapter Four). 

The largest colony of Z. nevadensis that I have found contained 13,667 Individuals, while 

the largest colony of Z. angusticollis that I have found contained 8,637 Individuals. These are the 

largest colonies of Z. nevadensis and Z. angusticoliis that have ever been found, and these figures 

are both In excess of Heath's (1903) estimate of 8,000 as the upper limit for colony size in 

Zootermopsls. The largest colony of Z. laUceps I have found contained 2,138 individuals. This figure 

is close to the maximum colony size for this species of 2,367 as reported by Nutting (1970). 

Heath and Wilbur (1928) reported that colonies of Z. nevadensis andZ:. angusticollis began 

to produce alates when they reached a size of about 450 individuals. However, this figure should 

be regarded as a lower limit for the minimum size for alate production to commence in this species, 

since Colony # 3 In this study contained 1,347 individuals and yet had just one long-wlng-padded 

nymph, Indicating that it had just begun to divert resources to alate production. 

The smallest colony of Z. laticeps censused contained 101 Individuals, yet contained long-
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wing-padded nymphs. This indicates that colonies of Z. laticeps began to switch to alate production 

when the colonies are much smaller than when the same switch takes place In the other two 

species of Zootermopsis. 



Table 11. Colony composItIon in Zootermopsis. (N1-N6 = First through sixth stage nymphs; N7 = Seventh-stage nymphs; PSEUD 
Pseudergates; PSOL = Presoidlers; SOL = soldiers; PRSOL = Pre-reproductive soldiers; RSOL = Reproductive soldiers) . 

COLONY SPECIES COLLECTION COLLECTION DATE OF N1-N6 N7 WING-PAD PSEUD PSOL SOL 
SITE DATE CENSUS ABSCISSED 

NYMPHS 
1 Z. nevadensis 1 2121/88 2127/88 1367 787 137 236 0 37 
2 Z. nevadensis 1 2121188 3/3/88 1613 1159 306 395 0 31 
3 Z. nevadensis 1 3/22188 3;30/88 1181 1 0 123 0 40 
4 Z. nevadensis 1 4/17/88 4/19/88 337 235 62 73 0 8 
5 Z. nevadensis 1 4/17/88 4/25/88 2943 39 0 290 2 39 
6 Z. nevadensis 1 4/17/88 4/25/88 1928 0 0 230 52 125 
7 Z. nevadensis 1 6/3/88 6/26/88 2806 851 1 990 11 128 
8 Z. nevadensis 1 6;3/88 6128/88 543 25 0 74 4 17 
9 Z. nevadensis 1 6;3/88 6/28/88 1139 0 0 180 32 136 

10 Z. nevadensis 1 6/4/88 6/27/88 1210 1445 473 720 1 34 
11 Z. nevadensis 1 6/4/88 6/28/88 961 626 48 43 0 66 
12 Z. nevadensis 1 717/88 7/25/88 2726 2320 430 680 9 84 
13 Z. nevadensis 1 717/88 7/26/88 4f58 1206 713 1195 3 897 
14 Z. nevadensis 2 8/20/88 9/22188 4232 6155 707 637 3 88 
15 Z. nevadensis 2 8/20/88 9/24/88 2047 740 48 211 0 48 
16 Z. nevadensis 2 8/20/88 9/24/88 166 352 81 32 0 12 
17 Z. nevadensis 2 5/24/89 7/1/89 1142 1251 98 160 o 160 
18 Z. nevadensis 3 7/19/89 8/14/89 5206 3867 445 1383 18 259 
19 Z. nevadensis 3 12/19/89 1/24/90 349 1477 208 493 0 51 
20 Z. nevadensis 3 12119/89 1/24/90 1806 730 307 432 0 90 
21 Z. nevadensis 3 12120/89 1124/90 3170 21 0 124 0 47 
22 Z. nevadensis 3 12/20/89 1/24/90 3381 0 0 398 1 319 
23 Z. nevadensis 3 12/21/89 1/26/90 3660 1905 1051 507 o 193 
24 Z. nevadensis 3 12121/89 1/26/90 308 1193 80 55 0 20 
25 Z. nevadensis 3 12/21/89 1/26/90 92 148 88 145 0 41 
26 Z. angusticoll s 2 5/24/89 7/5/89 2489 2808 96 2985 8 89 
27 Z. angusticoll s 2 5/24/89 7/5/89 124 314 7 164 0 6 
28 Z. angusticoll s 2 5/24/89 7/5/89 1461 1484 77 391 0 35 
29 Z. angustico11 s 2 5/24/89 7/5/89 3579 164 29 550 o 130 
30 Z. angusticoll s 2 5/24/89 7/5/89 1435 2249 92 825 5 82 
31 Z. laticeps 4 8/12188 8/14/88 231 1 0 396 1 25 
32 Z. lat iceps 4 9/29/88 10/1/88 269 4 0 369 0 13 
33 Z. 1aticeps 5 4/29/89 5/1/89 79 0 0 17 0 3 
34 Z. 1aticeps 5 4/29/89 5/5/89 194 56 0 147 0 10 
35 Z. laticeps 5 4/29/89 5/5/89 797 660 14 604 0 53 
36 Z. 1aticeps 5 7/1/89 8/10/89 514 199 64 378 1 4 
37 Z. 1aticeps 5 3/31/90 4/11/90 1080 646 84 313 0 13 
38 Z. laticeps 5 4/1/90 4/10/90 190 12 71 0 3 0 
39 Z. 1aticeps 5 4/1/90 4/10/90 16 150 27 117 0 7 
40 Z. 1aticeps 5 4/1/90 4/10/90 554 70 0 384 0 33 
41 Z. laticeps 5 4/1/90 4/10/90 354 27 0 117 12 0 

I--' 
o 
Ul 



Table 11 continued. 

ALATES MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE TOTAL 
PRIMARIES PRIMARIES NYHPHOIDS NYHPHOIDS ERGATOIDS ERGATOIDS PRSOL PRSOL RSOL RSOL 

0 1 0 0 0 0 9 0 0 0 0 2574 
0 0 0 0 0 1 3 0 0 0 0 3508 
0 1 1 0 0 0 0 0 0 0 0 1347 
0 1 1 0 0 0 0 0 0 0 0 717 
0 1 1 0 0 0 0 0 0 0 0 3315 
0 3 3 0 0 0 0 0 0 0 0 2341 
0 0 2 0 0 0 3 0 0 0 0 4792 
0 0 1 0 0 0 7 1 0 1 0 673 

90 1 4 0 0 .0 0 0 0 0 0 1582 
1210 0 1 0 0 2 4 0 0 0 0 5100 

11 0 0 0 0 9 9 0 0 0 0 1773 
20 1 1 0 0 0 0 0 0 1 0 6272 

475 0 0 0 0 23 23 0 0 0 0 9193 
1807 0 0 0 0 16 21 0 0 0 1 13667 

49 0 0 1 4 19 45 0 0 3 2 3217 
75 0 0 0 0 3 3 0 0 0 0 724 

0 0 0 0 0 9 15 1 0 0 0 2836 
0 0 2 0 0 21 41 2 0 0 o 11244 
0 0 0 0 0 0 1 0 0 0 0 2579 
0 1 0 0 0 2 0 0 0 0 0 3368 
0 1 1 0 0 0 0 0 0 0 0 3364 
0 0 1 0 0 0 0 0 0 1 0 4101 
0 1 1 0 0 0 0 0 0 0 0 7318 
0 0 1 1 0 0 (.' 0 0 0 0 1658 
0 0 0 0 0 1 4 0 0 0 0 519 
0 0 0 0 0 63 98 0 0 0 1 8637 
0 0 0 0 0 0 0 0 0 0 1 616 
0 0 0 0 0 45 25 0 0 0 6 3524 
0 0 0 0 0 12 22 0 0 0 0 4486 
0 0 0 0 0 22 38 0 0 0 1 4749 
1 1 0 0 0 0 0 0 0 0 0 656 
0 1 1 0 0 0 0 0 0 0 0 657 
0 1 1 0 0 0 0 0 0 0 0 101 
0 1 1 0 0 0 0 0 0 0 0 409 
0 1 1 0 0 0 0 0 0 0 0 2130 
0 1 1 0 0 0 0 0 0 0 0 1162 
0 1 1 0 0 0 0 0 0 0 0 2138 
0 1 1 0 0 0 0 1 0 0 0 279 
0 1 1 0 0 0 0 0 0 0 0 319 
0 1 1 0 0 0 0 0 0 0 0 1043 
0 0 0 0 0 0 0 0 0 1 1 512 

I-' 
0 
0'1 



Table 12. Proportion of indivduals comprising the soldier line in colonies of Zootermopsis. 

SPECIES: NUMBER OF 
COLONIES: 

PROPORTION OF INDIVIDUALS COMPRISING THE SOLDIER LINE: CORRELATION WITH COLONY SIZE: 

X S.D. MIN MAX Rho p 
Z-.nevaoensis 2s-------u.-oJ4I) 0.0298 0.0061 0.1062 -0.09183 0.6624 
r. anqustlcoilis 5 0.0156 0.00B3 0.0097 0.0290 0.11293 0.8565 
Z. latlceps 11 0.0215 0.0184 0.0043 0.0396 -0.31810 (") 

I-' 
o 
-...J 
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Table 13a. Number of replacement reproductives in colonies of Zootermopsis with at least one 
member of the primary pair missing. 

Number of Male replacement reproductives: 
Species: colonies: s: 

-
X S.D. Range 

Z. nevadensls 18 6.33 8.46 0-23 

Z. angustlcollis 5 28.40 25.44 0-63 

Z.latlceps 1.00 0.00 1-1 

Table 13b. Number of female replacement reproductives in colonies of Zootermopsis with at least 
one member of the primary pair missing. 

Number of Female replacement reproductives: 
Species colonies: -

X S.D. Range 

Z. nevadensis 18 10.83 14.71 0-51 

Z. angusticollls 5 38.40 36.72 0-99 

Z.latlceps 1.00 0.00 1-1 
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APPENDIX: NOTES ON THE PHYLOGENY OF TERMITES 

In devising a phylogenetic scheme for the termites, I have for the most part followed Grasse 

(1949) and Krishna (1970) except as noted below. 

Krishna and Emerson (1975) listed eight derived characters that the family Kalotermitidae 

shares with the Rhlnotermitld-Hodotermitid line, as opposed to only six shared with the family 

Mastotermitldae. In addition, Mastotermes darwlnlensis, the sole surviving member of the family 

Mastotermitldae, Is unique among the termites, and for that matter among the Animal Kingdom, in 

that its sperm Is multiflagellate (Baccettl and Dallal 1977, 1978). By contrast, In all other species of 

termites, the sperm is aflagellate (Baccettl et aI1981). For these reasons, I propose that the family 

Mastotermitldae diverged from the line which gave rise to all other families of termites early in the 

evolution of the order. 

I follow Quennedy and Deligne (1975) who removed Prorhinotermes from the subfamily 

Rhlnotermitlnae and placed it In its own subfamily, the Prorhinotermitinae. 

The family Serritermitidae contains the single genus Serritermes. The soldier of Serritermes 

Is characterized by specialized falcate mandibles found nowhere else in the Isoptera. This family has 

been linked to both the Rhinotermltidae (Amhad 1950) and the Termitidae (Holmgren 1911 in 

Emerson 1965). I tentatively assign it to the base of the Rhinotermitid-Termitid stem. 
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