
Summary. The effect of the presence of female reproduc-
tives, larvae and other reproductive males on growth and
testicular development was studied in males of the damp-
wood termite, Zootermopsis angusticollis. Compared to
primary males, secondary males developed testes that were
significantly larger under all social conditions tested. Testis
diameter was strongly correlated with sperm number in both
primary and secondary males, but was negatively correlated
with mass gain in primaries and positively correlated with
mass gain and secondaries. The presence of female repro-
ductives had no effect on primary male development but
promoted mass gain and testicular growth in secondary
males. The presence of larvae had a negative effect on
primary male body mass, but promoted testicular develop-
ment. Secondary males nesting with larvae gained more
mass and developed larger testes than those nesting without
larvae. Co-maturing secondary males did not exhibit dif-
ferences in testicular development or intrasexual aggression,
nor was any one male preferentially allogroomed or fed 
by nestmates. Co-maturing secondaries are typically closely
related and are not likely to engage in reproductive competi-
tion. The dissimilar physiological responses of primary and
secondary males to social stimuli may reflect adaptations to
the distinct social environments in which each reproductive
form normally matures.

Key words: Reproductive development, social signals, sperm
production, termites, testes.

Introduction

Termites have a flexible system of caste differentiation and
an individual’s development can be strongly influenced by
changes in its environment. The social stimuli experienced
by developing termites are a particularly important source of

regulatory cues, although the responses elicited vary with an
individual’s caste and physiological state (Miller, 1969;
Noirot, 1985, 1990; reviewed in Thorne, 1997). Research on
the social regulation of termite reproductive development has
principally focused on female maturation (Light and Weesner,
1951; Greenberg et al., 1978; Greenberg and Stuart, 1979;
Shellman-Reeve, 1990; Vieau, 1990; Nalepa and Jones, 1991;
Brent and Traniello, 2001). Current knowledge of male re-
productive development is primarily limited to anatomical
descriptions (Imms, 1919; Child, 1934; Weesner, 1955, 1969;
Grandi, 1992a, b; 1994), and the influence of social stimuli on
the course of male development is poorly understood. The
present study investigates how social stimuli from nestmates
may affect the maturation of reproductive males of the damp-
wood termite Zootermopsis angusticollis Hagen. 

Z. angusticollis, like other lower termites, has two devel-
opmentally distinct reproductive forms: primaries, which are
derived from alates and found new colonies; and secondaries
(neotenics), which arise directly from immature larvae as
replacement reproductives (Castle, 1934; Light, 1943; Mil-
ler, 1969; Noirot, 1985, 1990). Because these two reproduc-
tive forms have different developmental origins and roles
within the colony, their maturation may be influenced differ-
ently by the same social stimuli. For example, primary
females mature quickly when isolated from the social stimuli
of the natal colony and paired with a mate (Greenberg et al.,
1978; Greenberg and Stuart, 1979), but secondaries fail to
mature when paired with just a reproductive male (Greenberg
et al., 1978; Greenberg and Stuart, 1979; Greenberg and
Stuart, 1982). In addition, the presence of non-reproductive
nestmates promotes fecundity in both primary and secondary
females, but has different effects on their ovarian develop-
ment and body mass (Brent and Traniello, 2001). 

Stimuli from nestmates of different castes may have a
variety of developmental effects on primary and secondary
male maturation. Males may delay maturation until a mate is

Insectes soc. 48 (2001) 384–391
0020-1812/01/040384-08 $ 1.50+0.20/0
© Birkhäuser Verlag, Basel, 2001

Insectes Sociaux

Research article

Social regulation of testicular development in primary and secondary
males of the dampwood termite Zootermopsis angusticollis Hagen

C.S. Brent1, 2 and J.F.A. Traniello 1

1 Department of Biology, Boston University, 5 Cummington St., Boston, MA 02215, USA, e-mail: jft@bio.bu.edu
2 Current address for correspondence: Department of Entomology, North Carolina State University, Raleigh, North Carolina 27695-7613, USA, 

e-mail: colin_brent@ncsu.edu

Received 26 August 2000; revised 14 March and 10 July 2001; accepted 13 August 2001.



Insectes soc. Vol. 48, 2001 Research article 385

Relationship between body mass, testis diameter 
and sperm number

To determine the relationship between body mass, testis diameter and
sperm number, primary (n = 65) and secondary males (n = 166) were
sampled from colonies containing a reproductive female and three lar-
vae at 0, 10, 20, 30, 45 or 60 days following establishment. The mass of
each reproductive was recorded on a Mettler AE-163 balance before and
after each experiment, and from these measures the percent change in
body mass was also calculated. Male reproductives were stored individ-
ually in Dietrich’s Fluid for a minimum of two weeks prior to dissection.
The testes of each male were dissected intact and placed on a micro-
scope slide for examination. The diameter of each testis at its widest
point was measured using an Olympus BH-2 stereoscopic microscope
with an ocular micrometer (100X). To determine sperm count, individ-
ual testes were separately homogenized in a 15 µl aliquot of distilled
water. A 10 µl aliquot of the homogenized solution was then transferred
to a Spencer Brightline hemacytometer. Visible spermatozoa were
counted on a stereomicroscope and the concentration of sperm/ml of
homogenate was calculated for each testis. The testes of 8 older secon-
dary males, allowed to mature in lab colonies for at least six months,
were also examined using these techniques. For all treatments, female
reproductives were also preserved, and the genital chamber and sperma-
theca were examined for the presence of sperm.

Effect of reproductive females on growth 
and testicular development

To determine the effect that females have on male maturation, we estab-
lished colonies containing either a primary (1°) or a secondary (2°) male
with three 3rd – 4th-instar larvae and either one (n1 = 93, n2 = 46) or no
reproductive female (n1 = 79, n2 = 67). Following colony establishment,
males from each social condition were sampled at 0, 30 or 60 days.
Except for sperm number, measures of reproductive development were
collected from each male as described above.

Effect of larvae on growth and testicular development

To determine the effect that larvae have on testicular development, 
we established pairs of primary and secondary reproductives nesting
with either zero (n1 = 84, n2 = 40), three (n1 = 93, n2 = 46) or six larvae
(n1 = 88, n2 = 36). These are relatively few larvae compared to the 
number normally produced in the first brood (Castle, 1934; Greenberg
et al., 1978). However, the presence of three or more larvae has been
shown to significantly influence female reproductive development in
this species (Brent and Traniello, 2001). Third and fourth instar larvae
of both sexes were used because they were sufficiently mature to per-
form most colony tasks (Rosengaus and Traniello, 1993), yet their small
size and limited numbers minimized their impact on the food supply.
Food availability has been shown to affect reproductive development in
some species (Lenz, 1994). Males were sampled as described above at
0, 30 and 60 days following colony establishment.

Effect of co-maturing males on growth and testicular development,
and behavioral interactions in multi-male colonies

To determine the effect that co-maturing secondary males have on each
other’s development, we established colonies containing a neotenic
female, three 3rd – 4th instar larvae, and either one (n = 46) or three 
sibling neotenic males (n = 62). Males were sampled from colonies on
0, 30 and 60 days following colony establishment, as described above.
Behavioral interactions between nestmates were also observed in 10
monogamous and 10 multi-male colonies. All interactions between the
male(s), female, and larvae were recorded during ten-minute sample
periods, conducted every three days for the first 20 days following
colony establishment. To distinguish individuals during behavioral

present, thereby avoiding unnecessary energetic expendi-
tures on gonadal development and gamete production. Males
may also respond positively to larvae, which can relieve
reproductives from performing colony tasks and can supple-
ment a reproductive’s diet through trophallaxis (McMahan,
1969; Miller, 1969; Sieber and Leuthold, 1982; Shellman-
Reeve, 1990; Nalepa, 1994; Brent and Traniello, 2001).
Maturing secondaries might also be influenced by intra-
sexual interactions, because multiple neotenics often dif-
ferentiate simultaneously and coexist together after the loss
of a functional reproductive (Heath, 1903; Castle, 1934;
Light, 1934; reviewed in Miller, 1969; Noirot, 1985, 1990;
Myles, 1999). Co-maturing neotenics may exert mutual effects
on development directly through agonistic interactions 
(Ratcliffe et al., 1952; Buchli, 1961; Grassé, 1984; Thorne
and Haverty, 1991) and inhibitory pheromones (Light and
Weesner, 1951; Miller, 1969; Lüscher, 1972, 1974, 1976;
Greenberg and Stuart, 1982; Bordereau, 1985), or indirectly
through competition for limited colony resources such as
nitrogen (Cowling and Merrill, 1966; LaFage and Nutting,
1978). The extent of a neotenic male’s testicular development
may depend upon response to the risk of reproductive com-
petition, which is a contingent strategy used by insects that
are known to practice sperm competition (Parker, 1970; Svärd
and Wiklund, 1989; Gage, 1991; Gage and Baker, 1991).

The objective of the present study was to identify how en-
vironmental cues may regulate reproduction in primary and
secondary male termites. We describe changes in the repro-
ductive development of Z. angusticollis males in response to
the presence of a reproductive female, larvae, and co-matur-
ing males. In addition, the development of primary males is
compared to that of secondaries under these different social
conditions, and the inter-relationship between body mass,
testis size and sperm production is examined. 

Materials and methods

Establishment of experimental colonies

Termites originated from 14 stock colonies of Z. angusticollis collected
between 1992 and 1998 from the Redwood East Bay Regional Park,
near Oakland, California. Parent colonies were kept in plastic boxes
containing moist paper towels and pieces of the wood in which they
were originally collected, supplemented with additional decayed wood.
Colonies were maintained in an environmental chamber under a
14L:10D light cycle at 23°C, and were regularly sprayed with distilled
water to maintain humidity. Alates that attempted to take flight upon
opening the containers enclosing the parent colonies were used as a
source of primary reproductives. The wings of the alates were removed
by folding them back towards the head, along the dorsal suture. Sec-
ondary reproductives were generated from groups of female and male
4th –6th instar larvae that were isolated from parent colonies in clear
covered plastic boxes (17 ¥ 12 ¥ 6 cm) containing moist filter paper
and wood. Secondaries were placed in experimental colonies within
three days of their adult molt. In all colonies primary males were placed
with primary females and secondary males with secondary females.

Experimental colonies were housed in covered 67 ml plastic cups
(Solo Cup Co.), containing 2 g (dry weight) of birch (Betula spp.) saw-
dust. The sawdust was moistened with distilled water and compressed
by hand to remove excess water and form a solid mass. The cups were
stored inside clear covered plastic boxes (30 ¥ 23 ¥ 10 cm) and placed
in an environmental chamber with the parent colonies.
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observations, males were marked on the dorsal abdomen with different
colors of enamel paint. The marking technique had no apparent effect
on the behavior or physiology of the termites. Prior to behavioral
observations, each colony was left undisturbed for five minutes, which
was sufficient for them to acclimate to observation conditions. All-
occurrence sampling was used to score the following interactive be-
haviors: allogrooming, antennae palpations, proctodeal and stomodeal
feeding, lunging, biting, and mating. All behaviors have been previous-
ly described for Z. angusticollis (Rosengaus and Traniello, 1991).

Statistical analysis

Statistical analysis of data was performed using Sigmastat v. 2.03 (SPSS
Inc., 444 North Michigan Ave., Chicago, IL 60611). Consistent viola-
tions of normality and strong interaction effects between experimental
conditions and sample days necessitated the use of non-parametric
analyses for both physiological and behavioral data. Spearman rank
order correlations were used to determine the relationship between body
mass, testis diameter and sperm number. Mann-Whitney rank sum tests
were used to determine if there were significant (acritical = 0.05) dif-
ferences in mass change and testis size between groups on individual
days. The Mann-Whitney analysis was also used to compare the fre-
quency of interactions of each male with the female, larvae and the
other males. Probability values were adjusted for multiple tests using
Scheffe’s correction (Sokal and Rohlf, 1995). 

To determine if significant developmental differences occurred
between co-maturing secondary males, a Mann-Whitney rank sum test
was performed comparing the male with the largest testis diameter from
each colony to individuals from the remaining population. To determine
whether any observed difference in body mass or testis diameter repre-
sented a developmental effect or normal variation in development, a null
distribution for the Mann-Whitney test was established by randomizing
measures of body mass and testes diameter into 100 new groups and cal-
culating the rank sums for each.  Probabilities for the rank sum results
of the original data were then determined from the null distribution. 

Results

Relationship between body mass, testis diameter 
and sperm number

In primary males, testis diameter was positively correlated
with body mass (r = 0.25, p = 0.005) and sperm number 
(Fig. 1; r = 0.39, p < 0.001). However, from day 10 to day 60,
primary male sperm counts decreased non-significantly from
9.19 ¥ 106 to 8.10 ¥ 106 sperm/ml (T 22, 22 = 553.5, p = 0.173).
This decline, coupled with a rapid increase in body mass
during this period, resulted in a negative correlation between
sperm number and mass gain (r = – 0.29, p < 0.001) for
primaries. It was found that 84% primary females had been
inseminated by day 60. 

In secondary males, there were significant positive cor-
relations between testis diameter and body mass (r = 0.43, 
p < 0.001), testis diameter and sperm number (Fig. 1; r = 0.80,
p < 0.001) and body mass and sperm number (r = 0.55, 
p < 0.001). Between day 10 and day 60, secondary male
sperm counts more than doubled from 6.02 ¥ 106 to 14.64 ¥
106 sperm/ml (T 24, 54 = 1410.0,  p < 0.001). By day 60, 77%
of secondary females had been inseminated. Male neotenics
that had completed the adult molt at least 6 months prior to
sampling had an average testis diameter of 1.31 ± 0.03 mm,
which is 89% wider than the testes of neotenics sampled

after 60 days of development. These older males had an aver-
age sperm count of 10.12 ¥ 107 sperm/ml.

Effect of reproductive females on growth 
and testicular development

The growth and reproductive maturation of primary males
was not affected by the presence of a female. After 60 days,
there was no significant difference in either the change in
body mass (Fig. 2a; T17, 31 = 418.0, p = 0.514) or average
testis diameter (Fig. 2b; T34, 61 = 1761.0, p = 0.318) between
males nesting with or without a female. Between day 0 and
60 body mass increased 55.5 ± 4.2% in males nesting with 
a female, and 55.6 ± 2.7% for males nesting without a 
female, while the average testis diameter increased 6.8 ±
2.4% (T61,100 = 5624.5, p = 0.017) and 11.4 ± 2.4% (T34,100 =
2893.5, p = 0.002), respectively. 

The development of secondaries, unlike that of primaries,
was significantly affected by the presence of a neotenic fe-
male. By day 60, males nesting with a female gained 21.0 ±
4.8% more body mass than males nesting without a female
(Fig. 2a; T15, 25 = 453.0, p < 0.001), and had testes that were
5.7 ± 2.4 % wider (Fig. 2b; T30, 50 = 1448.5, p = 0.021). Secon-
dary males consistently gained less body mass but devel-
oped larger testes than primary males with or without
females present. Comparing the development of primary and
secondary males that had nested with females for 60 days,
there are significant differences in both body mass (T13, 19 =
91.0, p < 0.001) and average testis diameter (T18, 36 = 743.0,
p < 0.001). The difference in testis diameter is due in part 
to a disparity in initial diameter, which for primaries is 0.41 ±
0.01 mm and for secondaries is 0.48 ± 0.02 mm (T40,100 =
3700.0, p < 0.001). We also noted that the testes of secondary
males consisted of a greater number of lobes than those of
primary males, and neotenics had larger accessory glands,
consisting of numerous long tubules projecting from a basal
trunk. The accessory glands of primaries were smaller and
had fewer tubules. 

Figure 1. The relationship of sperm number (log10) to testis diameter
for primary (● ; n = 130) and secondary (●● ; n = 232) male reproductives
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T8, 30 = 122.5, p = 0.237), but the testes of these males were
24.7 ± 6.5% larger in diameter than those of males nesting
without larvae (T18, 38 = 366.0, p = 0.010). Comparing day-60
males nesting with six larvae, secondaries gained similar
body mass (T19, 19 = 392.0, p = 0.540) but had significantly
larger testes (T38, 38 = 1073.0, p < 0.001) than primaries. 

Effect of co-maturing males on growth 
and testicular development, and behavioral interactions 
in multi-male colonies

Secondary males in multi-male colonies developed at the
same rate as males in monogamous colonies. By day 60,
males in monogamous colonies gained more body mass 
(Fig. 4a, T15, 36 = 488.0, p = 0.044), but testis diameter did not
differ between groups (Fig. 4b, T30, 72 = 1558.5, p = 0.924).
For physiological and behavioral comparisons, males within
multi-male colonies were separated into two groups; those
with the largest (hypertrophic) and those with smaller
(hypotrophic) testes. There was no difference in mass gain

Effect of larvae on growth and testicular development

Larvae had a significant effect on primary male growth and
testicular development. After 60 days, males nesting without
larvae had an average change in body mass of 66.3 ± 1.9%,
but this decreased significantly to 55.5 ± 4.2% with three
larvae (Fig. 3a; T19, 31 = 590.0, p < 0.001) and to 40.1 ± 4.6%
with six larvae (T19, 19 = 338.0, p = 0.004). Average testis dia-
meter, in contrast, did not change with the addition of three
larvae (T36, 61 = 1766.0, p = 0.991), but males nesting with six
larvae developed testes that were 11.1 ± 2.3% larger (T36, 38 =
1090.0, p = 0.005) than those of males nesting without larvae
(Fig. 3b).   

The presence of larvae also promoted the growth and
testicular development of neotenics. Males nesting with three
or six larvae gained similar mass after 60 days (Fig. 3a; 
T4, 15 = 27.0, p = 0.211), but on average they gained 10.6 ±
3.4% more mass than males nesting without larvae (T13,19 =
162.0, p = 0.046). Similarly, average testis diameter was the
same for males nesting with three or six larvae (Fig. 3b; 

Figure 2. (a) Average change in body mass (% ± SE) and (b) testis
diameter (mm ± SE) in male primary and secondary reproductives nest-
ing with or without a female reproductive. Horizontal lines above bars
indicate comparisons between treatments that were significantly dif-
ferent (p < 0.05). Values for primary and secondary males for the same
day were always significantly different, except where indicated (n.s.)

Figure 3. Average (a) change in body mass (% ± SE) and (b) testis
diameter (mm ± SE) in maturing male primary and secondary male
reproductives nesting with a female reproductive and zero, three, or six
larvae. Legend as in Figure 2
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(89% < p < 93%) or testis diameter (47% < p 50%) between
males sampled from the same multi-male colony. 

Co-maturing males did not appear to be treated different-
ly by reproductive females and larvae. During an average ten-
minute sampling bout, males with hyper- and hypotrophic
testes were allogroomed by a female 0.24 ± 0.06 and 0.40 ±
0.06 times (T13, 18 = 164.0, p = 0.081), and by larvae 0.28 ±
0.06 and 0.43 ± 0.11 times (T13, 18 = 196.5, p = 0.660), respec-
tively. Trophallactic exchanges were rare, with a total of 
only five events noted. Males with hyper- and hypotrophic
testes engaged in trophallactic exchanges with a female 
0.02 ± 0.02 and 0.01 ± 0.01 times (T13, 18 = 211.0, p = 0.919),
and with larvae 0.01 ± 0.01 and 0.01 ± 0.01 times (T13, 18 =
210.5, p = 0.935), respectively. The only significant dif-
ference concerned the frequency with which males with
hyper- and hypotrophic testes were approached and anten-
nated. The respective frequencies of these interactions for
females were 0.70 ± 0.11 and 0.43 ± 0.12 (T13, 18 = 257.5, p =
0.050), and for larvae were 1.06 ± 0.15 and 0.68 ± 0.12 
(T13, 18 = 256.5, p = 0.055). We observe no aggressive be-
havior between neotenic males or evidence of injury. On rare
occasions males were observed allogrooming each other.

Discussion

Relationship between body mass, testis diameter 
and sperm number

Testis diameter was found to be a reliable indicator of sperm
number and reflects the ability to produce and/or store sperm
for both primary and secondary male reproductives of Z.
angusticollis. Similar increases in testis size and sperm num-
ber have been observed in Kalotermes flavicollis, and the
morphological and ultrastructural changes accompanying
increasing testis size appear to be associated with spermato-
genesis (Grandi, 1992a, b). The increase in the number of
accessory gland tubules may also enhance a male’s repro-
ductive capability. Although the exact function of accessory
gland secretions is not known for termites (Miller, 1969) they
may facilitate sperm transfer, enhance female fecundity or
induce oogenesis and oviposition (reviewed in Chapman,
1998). The correlation between testis diameter and sperm
number was much greater for secondaries than for primaries.
This may be due to the very small changes that occurred in
testis size and sperm number in primaries (relative to secon-
daries) during the sample period. Sampling primaries that are
more mature may help to clarify this relationship. 

There was also a significant correlation between body
mass and testis diameter for both primaries and secondaries,
and again the relationship was stronger for secondaries than
for primaries. Similarly, body mass and sperm number were
correlated in secondaries, but the relationship was very weak
in primaries. Unlike primary males, newly molted neotenics
do not have well-developed fat bodies and wing muscles to
metabolize (Grassé, 1949; Nutting, 1969) and they are likely
to have lower stores of uric acid (Shellman-Reeve, 1990), an
endogenous nitrogen source (Potrikus and Breznak, 1981;
Shellman-Reeve, 1990, 1996). Therefore, secondaries may
be initially more dependent on exogenous resources than
primaries. An increase in body mass may indicate that more
nutrients are available for gonadal development and sperma-
togenesis. This dependence may be further exacerbated by
the large initial investment in testis growth and sperm pro-
duction made by secondaries. In contrast, primaries invest
relatively fewer resources, as is apparent in their smaller
testes and declining sperm number during the sample period.
This reduction is likely the result of sperm loss through
ejaculation coupled with low spermatogenic activity.

Effect of reproductive females on growth 
and testicular development

The presence of a female had no effect on primary male mass
gain and testicular development. The rate at which a primary
male matures may be more dependent on diet (Cook and
Scott, 1933; Waller and LaFage, 1987; Shellman-Reeve,
1990; Nalepa, 1994) than on stimuli from reproductive
females. If feeding is inhibited while alates remain in their
parent colony, as Heath (1903) suggested, separation from
the natal nest may be sufficient to promote the rapid mass

Figure 4. Average (a) change in body mass (% ± SE) and (b) testis
diameter (mm ± SE) in maturing secondary males nesting in single- and
multi-male colonies. Legend as in Figure 2
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endocrine responses in the reproductives that promote food
consumption in reproductives, reduce the rate of colony task
performance, and/or increase the rate of testicular develop-
ment. For example, primaries may gain less body mass as a
result of simply perceiving nutritionally-independent larvae
within the nest, rather than in response to physical manipula-
tion by the larvae. Primary reproductives make a consider-
able investment in producing and rearing their first brood
(Nalepa and Jones, 1991). This may necessitate storing suf-
ficient reserves to offset this expenditure. Having larvae pre-
sent that are old enough to tend brood may induce both
female and male primaries to store fewer resources for long-
term brood care and to allocate additional resources towards
gonadal development. 

Effect of co-maturing males on growth 
and testicular development, and behavioral interactions 
in multi-male colonies

The presence of another male did not affect secondary male
testicular development. Although the extent of testicular
development in many insect species depends on whether
reproductive competitors are present (Svärd and Wiklund,
1989; Gage, 1991, 1994; Gage and Baker, 1991), Z. angusti-
collis neotenic males in multi-male colonies developed at the
same rate as neotenics in monogamous colonies (Fig. 4b).
There were also no indications of agonism between sec-
ondary males, which in some termite species is used to
suppress the development or eliminate supernumerary repro-
ductives (Ratcliffe et al, 1952; Buchli, 1961; Ruppli, 1969;
West-Eberhard, 1969, 1981; Fletcher and Ross, 1985; Kino-
mura and Yamauchi, 1987). Although intrasexual aggression
may be used by Z. angusticollis primary males to displace
potential competitors during colony foundation (Shellman-
Reeve, 1999), we found no agonism or evidence of aggres-
sion in over 42 h of observations during the first 60 days 
of secondary male maturation. Also, we found no differences
in the types or frequencies of social interactions between
males, females and larvae, except that males with larger
testes were approached and antennated more often. Secon-
dary males maturing within the same colony are usually close
relatives, therefore selective pressure to reduce the loss of
resources caused by local mate competition (Hamilton, 1964;
Alexander and Sherman, 1977) may hinder the development
of mechanisms that would allow neotenics to engage in
reproductive competition. The skewed sex ratio common in
associations of secondary reproductives (Myles, 1999) may
also help to ensure that each male will have an equal opport-
unity to reproduce, further reducing the likelihood of local
mate competition. However, because our study examined
only the initial development of a male, reproductive com-
petition may not have been observed if it only occurred in
more mature males. 

gain observed in newly dealate males nesting with or without
a female, which in turn may stimulate gonadal development.  
In contrast, secondary male mass gain and testis develop-
ment were significantly promoted by the presence of a re-
productive female. Whether the changes in mass and testis
diameter were independent processes or whether the increase
in mass increased the endogenous resources that a male
could allocate towards testicular growth is not known. The
increased mass gain may have resulted from a female sup-
plementing the diet of neotenic male, however, the females in
our study were newly molted and likely to retain nutritional
resources for their own reproductive maturation. The pre-
sence of a female may have stimulated a male’s rate of food
consumption directly or indirectly through an effect on the
rate at which larvae provided trophallactic secretions to the
reproductives. The female may emit a pheromone or a caste-
specific odor, or she may engage in specific behaviors to
induce these physiological changes.

Although Z. angusticollis secondary males may postpone
testicular development and spermatogenesis until a female is
present, neotenics nesting without a female still developed
testes that were much larger than those of primary males.
This size difference between primaries and secondaries was
due in part to a greater initial testis diameter in neotenics.
However, the testes of neotenics may mature quickly because
of the much greater sperm demand that they may face after
molting. Unlike Z. angusticollis primary reproductives, which
normally have a 1:1 sex ratio (Jones et al., 1988), the sex
ratio of neotenics is skewed toward females (Myles, 1999),
largely because immature females are more likely to molt
into neotenics than are males (Greenberg and Stuart, 1982).
Each replacement female is capable of producing 55–
130 eggs in her first clutch (Greenberg et al., 1978); this 
considerably higher than the upper limit of 30 eggs produced
in a primary’s first clutch (Heath, 1903; Castle, 1934). The
skewed sex ratio coupled with the high initial fecundity of
neotenic females makes it likely that neotenic males will
experience a higher sperm demand than primary males. 

Effect of larvae on growth and testicular development

The presence of as few as three larvae had a significant effect
on male development in both primary and secondary repro-
ductives. Compared to males nesting with only a reproduc-
tive female, primary males gained less mass with larvae
present but developed larger testes, while secondary males
nesting with larvae had increased in both mass and testis
diameter. Similar results have been found in females of this
species (Brent and Traniello, 2001). Third instar and older
larvae perform many non-reproductive tasks within the
colony and provide reproductives with trophallactic secre-
tions that may be rich in nitrogen (Shellman-Reeve, 1990;
Nalepa and Jones, 1991; Rosengaus and Traniello, 1993).
Larvae may promote male development by improving the
energetic and nutritional environment of reproductives, as
suggested for Macrotermes michaelseni (Sieber and Leuthold,
1982). Social stimuli from larvae may also induce neuro-
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