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Summary

1. We report age-specific survivorship of founding kings and queens and colony age of first
production of fertile progeny (alates) of two cohorts, containing 52 and 42 complete colonies,
respectively, in the primitive dampwood termite Zootermopsis nevadensis ssp. nevadensis.
2. Longevity of kings and queens was determined and compared in various experi-
mental manipulations of reproductive structure of incipient colonies (removal of king
or queen or both vs. unmanipulated pairs as controls) performed one year after pairing.
Life span of reproductives was also evaluated in circumstances of interactions between
young colonies, a treatment inspired by field observations of natural nest spacing and
intraspecific competition between young dampwood termite colonies.

3. Inour first experimental series, founding pairs survived 2—7 years (¥ = 4-5£ 0-3 SE)
after pairing. Kings lived significantly longer (£ = 4-7 £ 0-3 years after pairing; range
2:2-7-3 years) in treatments initiated as pairs than when left as the remaining founder
in the queen removal treatment (¥ = 3-2 + 0-6 years after pairing; range 1-5-53 years),
even though one or more female replacement reproductives differentiated within sev-
eral months after queen loss. Queen life span in the absence of kings averaged
49 + 0-4 years (range 3-6—6-3 years) after pairing, not significantly different from the
life span of queens living with kings. There was no significant difference between king
and queen life spans in non-interaction treatments in our first experiment. Results from
the second experimental series (35 colonies) are presented to date.

4. Survival of pairs until death of one mate was significantly shorter in interaction treat-
ments compared with control colonies, suggesting that intraspecific competition
between young colonies may create opportunities for replacement reproductives.

5. The first alates were produced between 18 and 6-5 years after pairing in our first
experimental series, and between 2-4 and 5 years, to date, in the second experiment.
6. Ecological and evolutionary correlates of long life span in social insect reproductives

and other animals are discussed.
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Introduction

Theories on the evolution of ageing predict that
average life span will increase as the rate of extrinsic
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mortality (age-independent factors such as predation or
environmental hazards) experienced by young adults
decreases, and that life span will be longer in organisms
whose fecundity increases markedly after maturity
(Williams 1957; Hamilton 1966; Rose 1991; Stearns
1992; Abrams 1993; Charlesworth 1994; Ricklefs
1998). Rate of extrinsic mortality affects the population
of adult individuals that reaches older age classes
in a population, and therefore the relative strength
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MANIPULATION EXPERIMENTS

In June 1994, we established seven treatments in
Manipulation I. In Treatment A, we removed both the
primary male (king) and female (queen) reproductives.
The king was removed in Treatment B; the queen was
removed in Treatment C. All soldiers were removed
from colonies in Treatment D. Colonies assigned to
Treatments E and E* were connected to allow contact
and interaction between the equal-aged colonies (see
interaction protocol below). Treatment F colonies were
connected to young incipient colonies 12 months
younger (initiated in the laboratory using the same pro-
tocol and same parent colony as for the 14—16-month-
old colonies). Control colonies, Treatment G, were not
manipulated, with no removals or interactions.

Incipient colonies containing both primary repro-
ductives were stratified into seven blocks (by popula-
tion size) of nine colonies each (size range of colonies
was 37-134 individuals, including 25 soldiers). Within
each block the smallest colony was assigned to Treat-
ment H, a substitute to be used if any primary had died
in colonies assigned to the A-G treatment since the last
census. If substitution was not necessary, Treatment H
became an additional control (supplement replicate in
Treatment G). A random number table was used to
pick the colony for Treatment E (same size/age inter-
action). Treatment E* was then assigned to the colony
within that size block that matched Treatment E most
closely in number and distribution of stages (workers,
soldiers, immatures, etc.). Ties were solved by coin toss.
The remaining six colonies in each block were assigned
randomly to Treatments A, B, C, D, F and G. Treat-
ments A, B, C, D and G were set up immediately. Treat-
ments E and F were initiated over the following week.
Periodic censuses were taken of each colony over the
following 7 years.

Manipulation II was set up similarly, with most
treatments initiated on 7 November 1997, and the un-
even interaction treatment begun on 5-6 January 1998.
Procedures were the same, except that Treatment D,
delete soldiers, was omitted, and there were no addi-
tional control replicates (Treatment H) in Manipula-
tion II (meaning that there were three fewer control
replicates in Manipulation II than i Manipulation I).

INTERACTION PROTOCOLS

Zootermopsis colonies established within the limited
resource of a single tree or stump will encounter one
another as they grow and expand. Inspired by field
observations of hundreds of incipient colony chambers
in close proximity on a tree trunk (Haverty and Thorne,
pers. obs.), we designed experimental treatments to
simulate the circumstance of neighbouring colonies
meeting under bark. These intraspecific interactions
were staged in two configurations: even-age inter-
actions in\'/olv‘ing two colonies of the same age
(and approximate size), and uneven-age interactions

introducing colonies that might have colonized a tree
in successive years [one colony 14-16 months old
(since pairing date); the other 3—4 months old].

Even-age interactions

A complete census was made of each colony, and all
individuals except immatures and eggs were marked
with Testor’s model paint (different colour used to
mark each colony). Female reproductives received
two paint dots to readily distinguish them from males.
The painted termites and all food and fecal material
within each colony rearing container were transferred to
15-cm plastic Petri plates. These plates had been
previously fitted with 8-cm lengths of 12 mm outside
diameter/10 mm inside diameter Tygon® tubing to allow
connection to a centre plate containing a neutral arena
of moist wood. To increase traction for the termites, the
interior of the Tygon® tubing connecting the colonies
to the neutral plate was abraded with acetone-treated
sand prior to use. Connecting tubes were initially
closed by a clamp, but after 72 h of acclimation to the
new plates, the tube connections were opened, allowing
each E and E* colony access to the central plate and to
the other colony’s ‘home’ plate. Interactions among
individuals from the two colonies were observed with
no intervention. The survivors merged into a single col-
ony that was later transferred to the same sized rearing
container as used for the other treatments.

Uneven-age interactions

The experimental conditions for interactions between
colonies of uneven age followed the same protocol as
the even-age interaction treatment, except that only
reproductives were painted. In Manipulation I, the
older colonies in this treatment were 14—16 months
past alate pairing; the younger colonies were 3—
4 months old. The older colonies used in Manipulation
II replicates were 19 months post-pairing; the younger
colonies were 4 months post-pairing.

REPRODUCTIVE WEIGHTS

Weight weights of kings and queens fluctuate during a
lifetime. Data reported here are means calculated from
individuals surviving in pairs at census points begin-
ning > 2 years after pairing, and continuing until the
death of either the king or queen.

CENSUSES

Periodic censuses were conducted monthly during the
first year after manipulation, quarterly during the sec-
ond and third years, and then annually. During a cen-
sus the rearing containers were emptied completely
and refilled with wood moistened with distilled water.
Termites were counted, and reproductives were sexed,
weighed and returned to containers. Alates were
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removed, counted, sexed and discarded to simulate the
normal exit of this caste in field colonies.

All reported time intervals and longevity figures are
based on time since pairing because pairing of alates,
i.e. ‘ages’, do not include individual development time
from egg to alate maturity (see Discussion).

CONTAINER SIZE

Colony growth required transfer to increasingly larger
rearing containers. Transfer from 218-cc to 1160-cc
containers resulted in a marked increase in population
size, as evidenced during the next census (Thorne ez al.
in prep.), and probably related to increased available
wood volume (Lenz 1994). The largest size rearing con-
tainer used in the experiment, 4508 cc, housed colonies
that approached and surpassed 1000 individuals.
Approximately 51 months after initiating Manipula-
tion I, we noticed the anomaly that two colonies were
‘asphyxiated’, with many individuals dead or moving
lethargically. The termites’ tendency to seal openings
combined with the large number of individuals in each
container effectively eliminated gas exchange. Multiple
vent holes drilled in the lids solved the problem with no
recurrences. Asphyxiation may have suppressed the
population size in other colonies prior to vent hole
installation, but we have no way of knowing; therefore,
only the two colonies in which we observed death or
incapacitation were removed from the analyses.

DATA ANALYSIS

Manipulations I and II are not replicate experiments
for several reasons. Inbred alates from a single labor-
atory stock were used to initiate the colonies used in
Manipulation I (inbred) while alates from two colonies
were used for Manipulation II (each founding pair was
outbred). The manipulations were done on slightly dif-
ferent aged colonies in the two experiments, and at dif-
ferent times of the year. In addition, Manipulation I
contained a ‘remove soldier’ treatment not included in
Manipulation II. Finally, Manipulation IT is still in
progress with numerous primary reproductives alive
and functioning. For these reasons analyses of the two
experiments were performed separately. *

Analyses of longevity considered the humber of
months primary reproductives lived from the date of
initial pairing until the last census date at which they
were alive. The ‘remove soldier’ treatment of Manipu-
lation I was considered as additional control replicates
in evaluating reproductive longevity because both prim-
aries were present at the start of the experiment, and
a replacement soldier or presoldier always differenti-
ated within a month of the manipulation.

The model for the analysis of variance (ANOVA)
(SAS 1991) used treatment and block as the sources of
variation. In the analysis of time and number of first
alate brood, ¢olonies that never produced alates were
omitted.

Results

Survivorship of pairs until death of either the king or
queen in isolated colonies, i.e. excluding the interaction
treatments, is shown in Fig. 1a. For Manipulation I,
the mean time span (+ standard error) before death of
one of the reproductives was 53-8 %42 months
(4-5 £ 0-3 years) after pairing. The range of duration of
pair survivorship was 27—88 months (2-7 years). An
asphyxiation event at 52—53 months killed two of the
12 control colonies that had retained a surviving pair
up to that time, suggesting experimental interference
and premature death. Two of seven colonies in Mani-
pulation II retain both founders at the time of this
writing (5 years since pairing). Earliest loss of a
reproductive in Manipulation II was at 18 months.
Longevity of kings in the queen removal treatment
of Manipulation I averaged 38 £ 6°9 months (3-2 %
0-6 years) [range 18-64 months]; results for Mani-
pulation II, to date, are also shown in Fig. 1(b). In
Manipulation I, kings lived significantly longer
(¥ =561 +4-0 months (4703 years) [range 27—
88 months] (P < 0-05) in treatments initiated as pairs
(controls and remove soldier) than when left as the
remaining founder in the queen removal treatment,
even though one or more female neotenic or soldier

neotenic replacement reproductives would differenti- -

ate within several months of queen loss. Queen life span
in the absence of kings averaged 58-8 +5-2 months
(49 £ 04 years) [range 43—76 months] in Manipula-
tion I; two of the seven queens in this treatment in
Manipulation IT remained alive 4 years after removing
the king (i.e. > 5 years after pairing) (Fig. 1c). In con-
trast to the parallel situation for kings, queens do not
live significantly longer when in a pair (control or
remove soldier treatments) than when the founding
king is removed (Manipulation I; Manipulation II not
yet complete). Mean longevity of primary founders
combined from all non interaction treatments averaged
51-0 £ 3-8 months (4-2 £ 0-3 years) for kings and 57-4 £
3-0 months (4-8 + 0-2 years) for queens in Manipula-
tion I (Fig. 1d). We tested and accepted the hypothesis
that there was no significant difference between king
and queen life spans in non-interaction treatments in
Manipulation I (P = 0-20). Data to date for Manipula-
tion IT are shown in Fig. 1d.

Even-age (and, given our protocol, even size) inter-
actions typically result in the death of both thekingand
queen from one colony, and survival of the founding
pair in the other colony. After the reproductives are
killed, remaining individuals in both colonies mingle
and appear to function as a single, coalesced colony. In
uneven-age interactions the younger, smaller colony
normally is eliminated in entirety by the older colony.
Details regarding the interaction dynamics, results and
implications will be addressed in a subsequent paper.
In this report we focus on longevity of primary repro-
ductives surviving after the interaction. We tested the
hypothesis that surviving primary reproductives in
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Fig. 1. (a) Mean survivorship of founding pairs until death of king or queen, including remove soldier and control treatments and
excluding interaction treatments. Unshaded bars represent pairs killed prematurely by asphyxiation. These colonies were
excluded in the calculation of means. (b) Mean survivorship of kings in queen removal treatments. Unshaded bars represent kings
killed prematurely by asphyxiation. These colonies were excluded in the calculation of means. (c) Mean survivorship of queens
in king removal treatments. Unshaded bars represent queens killed prematurely by asphyxiation. These colonies were excluded
in the calculation of means. (d) Mean survivorship (+ SE) of all primary kings and queens including remove king, remove queen,
remove soldiers and control treatments and excluding interaction treatments. There was no significant difference between

survivorship of kings and queens (P = 0-20).

interaction treatments do not live as long as founding
reproductives in controls, and found that survival of
pairs until death of one mate was significantly shorter
in both interaction treatments compared with con-
trol colonies (including delete soldier treatments) in
Manipulation I (P < 0-05; Fig. 2a). Kings in control
(plus delete soldier) replicates survived significantly
longer (% = 56-1 £ 4-0 months) than kings in the even-
aged interaction treatment of "Manipulation I
(X = 37-7+ 64 months) (P < 0-05; Fig. 2b). King sur-
vival time in the uneven-age interaction treatment
(¥ =40-8 £ 117 months) did not differ significantly
from either the control or the even-age interaction.
Queen survivorship in control (including delete soldier)
replicates of Manipulation I (% = 56-8 + 3-7 months)
and in the uneven-interaction treatment (X =473
5-2 months) were significantly longer than for queens
in even-aged interactions (£ = 37-1 £ 5-2 months) (P <
0-05; Fig. 2¢). In our Z. n. nevadensis colonies, mature
queens were larger than kings by an average of 19%in
Manipulation I and 28% in Manipulation II (wet weights).

The number of alates produced in the first brood
ranged from 1 to 146 in Manipulation I; the first brood

was produced between 22 and 78 months after pairing
(44 of 52 colonies produced alates) (Fig. 3a). The
number of alates in the first brood ranged from 1 to 37
in Manipulation II; these broods were produced
between 29 and 60 month after pairing (35 of 49 colon-
ies produced alates) (Fig. 3b). In Manipulation I,
even-aged interaction colonies produced their first
brood of alates significantly sooner than any other
treatment (P < 0-01), but the number produced did not
differ among treatments. In Manipulation II, treat-
ment had no significant effect on the time to first brood,
but even-aged interactions produced significantly more
alates in their first fertile brood than colonies in any
other treatment (P < 0-05).

Discussion

LIFESPAN OF FOUNDING KINGS AND QUEENS:
NON-INTERACTION TREATMENTS

King and queen termites have relatively long life spans
for insects, in accordance with evolutionary predic-
tions of extended adult longevity in organisms with
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Fig. 2. (a) Mean survivorship of founding i)airsiin Manipulation I control and interaction treatments. Controls include remove
soldier treatment. Unshaded bars represent pairs killed prematurely by asphyxiation. These colonies were excluded in the
calculation of means. Time of interaction was 14—16 months after pairing. The single colony represented by dark shading died
suddenly of unknown causes. (b) Mean survivorship of kings in Manipulation I control treatment compared to interaction
treatments. Controls include remove soldier treatment. Unshaded bars represent kings killed prematurely by asphyxiation. These
colonies were excluded in the calculation of means. Time of interaction was 14—16 months after pairing. (c) Mean survivorship
of queens in Manipulation I control treatment compared to interaction treatments. Controls include remove soldier treatment.
Unshaded bars represent queens killed prematurely by asphyxiation. The single colony represented by dark shading died suddenly
of unknown cause. These colonies were excluded in the calculation of means. Time of interaction was 1416 months after pairing.

relatively low rates of age-independent mortality,
increasing fecundity in older age classes (Williams
1957; Hamilton 1966; Rose 1991; Stearns 1992;
Abrams 1993; Charlesworth 1994) and parental care
and investment (reviewed in Carey 2001). Hypotheses
concerning differential caste longevity in social insects

predict that the largest castes will live the longest due to
energetic investment and the typical pattern that body
mass is positively correlated with life span (Oster & Wilson
1978; Promislov 1991; Partridge & Barton 1996; Keller
& Genoud 1997). In Zootermopsis n. ssp. nevadensis
there was no significant difference in longevity of kings
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Fig. 3. (a) Number of alates in each colony’s first production of alates compared to time from pairing of founding king and queen
for all treatments, Manipulation I. Zero values were not included in the analysis; some colonies died before they produced alates;
some never produced alates. (b) Number of alates in each colony’s first production of alates compared to time from pairing of
founding king and queen for all treatments, Manipulation II. Zero values were not included in the analysis; some colonies died
before they produced alates; some never produced alates; some have not yet produced alates.

vs. queens (Manipulation I, non-interaction treatments).
Mature Zootermopsis queens are,'_ on average, larger
than kings, but queens in the relatively primitive family
Termopsidae do not achieve the greatly distended phy-
sogastric morphology characteristic of termite queens
(not kings), in derived groups. Comparative longevity
statistics on kings vs. queens are not known for any
derived Isoptera, but the classic prediction of increased
life span with larger body size may be excepted in ter-
mite kings because of monogamy and the apparent
need for periodic insemination of the queen. Longevity
dynamics related to body size may also be affected by
the fact that both male and female reproductive ter-
mites can often be replaced from within the family, thus
death of a founder does not necessarily mean death of
a colony (reviewed in Roisin 2000).

Termite queens need time to develop fully functional
ovaries, maximum egg productivity and a brood of
helpers to support brood rearing and feed her, thus
enabling the queen to allocate a major portion of her
time and energy budgets toward reproduction. A ter-
mite queen’s egg production is correlated with size in
physogastric species (Nutting 1969; Thorne 1984; Kaib
et al. 2001), so reproductive potential for both the king
and queen are correlated positively with queen age
(barring food limitation and until reaching an asymp-
tote at maximum body size), and should select for a rel-
atively long life span compared to solitary insects
(Thorne 1982, 1997; Keller & Genoud 1997). [Adultoid
(imago replacement) queens may be an exception to
this typical relationship between fecundity and age in
termites. Laboratory experiments demonstrate that
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adultoid reproductives can rapidly become physogastric
(Roisin & Pasteels 1986; Lefeuve 1987) and therefore
indistinguishable from foundresses as demonstrated
in Nasutitermes exitiosus (Watson & Abbey 1989),
and a similar pattern is suggested in other termites,
due probably to the inherited resource of numerous
workers (Sieber & Darlington 1982; Thorne 1985).]

Although data are limited, the average life span of
primary reproductives in Zootermopsis may not be
markedly different than of workers or soldiers in the
laboratory. Heath’s (1907) observations suggest that Z.
angusticollis workers live about 4 years after their final
moult (taking approximately 1 year to reach that
moult), and the average life span of a soldier is about 4
years from hatching. In addition to body size con-
siderations, another hypothesis concerning social insect
differential caste longevity is that workers will live
longest in species where they never leave the nest
(Hamilton 1978; Oster & Wilson 1978), such as in these
‘one piece’ nesting termopsids (Noirot 1970; Abe 1987;
Shellman-Reeve 1997). Unfortunately, comparative
survivorship of castesis unavailable for any other termite.
In naked mole rats, there is no evidence of differential
longevity of breeding and non-breeding individuals
(Sherman & Jarvis 2002).

LIFESPAN OF FOUNDING KINGS AND QUEENS!:
INTERACTION TREATMENTS

Meetings between incipient colonies underneath the
bark of a single, recently dead tree appear to be com-
mon in the field, because many pairs colonize the same
tree following their nuptial flight. Our experimental
protocol provided an opportunity for such intraspe-
cific interactions between young colonies, resulting
typically in the death of one primary pair, and often the
entire smaller colony in the case of the uneven-age
interactions. The dynamics of those interactions and
their ecological and evolutionary implications will be
discussed in detail in a future paper, but a consequence
relevant to the current study is that the life span of both
kings and queens that survive the initial interactions
between colonies of the same age and approximate size
are short in comparison to primary reproductives in
isolated, control colonies. This may be bépause of inju-
ries sustained during the interaction; however, if inju-
ries were the direct cause of death, one would predict
increased mortality fairly immediately following the
interaction. In fact, surviving reproductives persist for
an average of 29-4 months (kings; range 10-36 months)
and 23-7 months (queens; range 11-36 months) after
even-aged interactions in Manipulation I. Abbreviated
life span may instead be primarily due to internal conflict
of interest and selection to differentiate replacement
reproductives within the merged colony.

The true level of integration of the seemingly fused
colony remains.to be assessed. Molecular genetic ana-
lyses currently in progress will help resolve the colony of
origin of reproductives and alates produced within the

merged colony. Behaviour of individuals, especially care
of reproductives and juveniles, might reveal insights
into the degree of integration of distinct colonies.
Matsuura & Nishida (2001) demonstrated that the
ratio of nymphs to workers in the host colony influenced
the acceptance level of intruders during ‘colony fusion’
in Reticulitermes.

REPRODUCTIVE LIFE SPAN IN EUSOCIAL
ANIMALS

The longest recorded life span of a social insect is a
28-5-year-old queen in a single laboratory colony of the
ant Lasius niger (Kutter 1977) [potentially superceded
by a claim of 30 years for an ant queen, inferred from
active mounds of Pogonomyrmex (S. Porter, pers.
comm. in Keller 1998)]. Both ants and termites nest
typically in highly sequestered subterranean or pro-
tected locations, and are generally monogamous
(Hamilton 1978; Keller 1998; Strassmann 2001). The
longest credible record for life span of a termite repro-
ductive is 21 years for kings and queens in four labor-
atory colonies of Mastotermes darwiniensis, still alive
at the time of writing (Lenz & Abbey, pers. comm.). R.
Leuthold (pers. comm., and pers. comm. in Keller 1998)
reports queens surviving over 19 year in a laboratory
colony of Macrotermes michaelseni, with an average
life span of about 18 years based on eight laboratory
colonies. Ratcliffe ez al. (1952) assumed that primary
reproductives persisted for the life of the colony, which
can exceed 50 years in the case of the Australian spe-
cies, Nasutitermes exitiosus. Colony life spans have
been quoted as queen life spans in both the scientific
(reviewed in Keller 1998) and popular literature, par-
ticularly if a primary form was discovered upon dissec-
tion of an old colony. It is now known that many
termites, including N. exitiosus, can replace lost found-
ing reproductives with alate progeny retained in the
nest (adultoid reproductives which, once mature, are
indistinguishable from founding kings or queens)
(Coaton 1949; Noirot 1969, 1985; Darlington 1985;
Sieber 1985; Thorne 1985, 1996; Roisin 1987, 2000;
Watson & Abbey 1989; Roisin & Pasteels 1991). Prior
to the present study, the record for adult longevity of a
Zootermopsis queen was 5-9 years, based on the life
span of a single Z. angusticollis queen in the laboratory
(Heath 1907), who also observed that the royal pair was
still alive in two field colonies after 4-5 years. Total life
span from egg hatching to death remains undeter-
mined for Zootermopsis reproductives because pre-
imago development takes seven moults, but the time
span is unknown (Heath 1927).

Among eusocial animals, ant queens and naked
mole rats have maximum observed life spans most sim-
ilar to alate-derived termite reproductives. Queens of
over 20 ant species are known to live a decade or more
(Keller 1998). Adults of the naked mole rat, Hetero-
cephalus glaber, live more than 26 years in the lab, with
no observed difference in life span between breeding
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and helping individuals (Sherman & Jarvis 2002).
Honeybee queens can live up to 3 years, or possibly as
long as 8 years (Bozina 1961), but they average closer
to 1 year (Page & Peng 2001). Wood-feeding cock-
roaches with parental care live a long time for an insect,
with maximum observed life spans exceeding those of
Z. nevadensis primary reproductives but shorter than
kings and queens of some other species of termites (e.g.
4-5years as a nymph, 7-9 years total life span for
Cryptocercus punctulatus, 5-7 years as a nymph, 8—
11 years total life span for C. clevelandi (Nalepa et al.
1990); 4-10 years asanymph and 4 -5 yearsas an adultin
Panaesthia cribrata (Rugg & Rose 1990)). The cellulose-
based diet of termites, naked mole rats and wood roaches
provides relatively low protein and slow growth
(e.g. LaFage & Nutting 1978; Brett 1991; Nalepa 1994;
Thorne 1997) and is therefore another factor influen-
cing life span. Adult life span can also be impacted
by long juvenile development time if there is extensive
parental care, and by the relatively low rates of extrinsic
mortality apparently experienced by these organisms
in their protected nests.

The present study represents the largest sample size
to date evaluating longevity of termite reproductives.
In an interim report, Thorne et al. (1997) presented
survivorship data on founding pairs of Reticulitermes
favipes 2 years after pairing in laboratory-reared col-
onies. Of 62 initial pairs, 55 (88-7%) of the colonies still
had both the king and queen, the king died in six col-
onies, and the queen died in one colony, as revealed in
a census 24 months after pairing. Large-scale studies
are essential if we are to gain insights into age-specific
survivorship patterns and the influence of colony con-
text and history on reproductive life span. Field studies
would, of course, be preferable, but are logistically
impossible for most termite species.

COLONY AGE AT PRODUCTION OF FIRST
ALATES

Age of first production of fertile progeny is an import-
ant demographic parameter (e.g. Stearns 1992), but
rarely tractable in long-lived, highly sequestered social
insect colonies. Honey bee queens inherit the brood left
behind after a swarm departs, and préducs drones and
a daughter queen, normally within a year (Wilson
1971). Social insects that are true colony founders,
however, must first invest in workers, with fertile off-
spring produced much later.

In the Z. n. nevadensis laboratory colonies used in
these experiments, the first alates were produced
22 months after pairing, thus the parent reproductives
were probably a minimum of approximately 3 years old
(from egg hatching). In most colonies, however, time at
which alates were first produced was considerably
longer, up to 78 months (6-5 years). Comparative data
on other termites are rare and fragmentary. Lenz
(1994) noted that food supply may affect alate produc-
tion and development time in a colony, with food short-

age leading to accelerated development to the alate
stage. Grassé & Noirot (1958) reared laboratory colon-
ies of Kalotermes flavicollis, and found that alates
were not produced until after the second year. Gui-
Xiang et al. (1994) report on a laboratory colony of
Coptotermes formosanus that produced its first alate
flight 8 years after the founding pair was established.
Even-aged interactions between young colonies influ-
ence early alate production; the first brood of alates
was produced significantly earlier in that treatment in
Manipulation I, and in significantly higher numbers in
even-aged interactions in Manipulation II. Under-
standing the dynamics and underlying reasons for the
effects of colony interactions on alate production will
require further study. Alate production could obvi-
ously be influenced by many characteristics that would
be unnatural in the laboratory (food, space, temper-
ature, moisture, isolation, etc.), but life history charac-
teristics of reproductives of known age in the field are
virtually impossible to obtain.

By examining the actuarial properties of founding
reproductives in two cohorts of complete colonies of
the primitive termite Zootermopsis n. ssp. nevadensis,
we discovered that primary reproductives can be long-
lived as founding pairs, or as a surviving king or queen
after death of an original mate. Survival of pairs until
death of one mate was significantly shorter, however, in
treatments allowing meeting and interaction between
young families, as would happen in the field among col-
onies nesting under the bark of the same tree. This sug-
gests that intraspecific competition between young
colonies within a limited resource may create opportu-
nities for offspring to differentiate into replacement
reproductives. Future papers will focus on the dynamics
of interactions among young colonies, and the evolu-
tionary implications of king and/or queen loss due to
intraspecific competition.
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